AUG 1 2 927 


WHOLE NO. 16 
JULY, 1927, 


THE AMERICAN 
PATHOLOGY 


Official Publication of 
The American Association of Pathologists and Baéteriologifts 


BOARD OF EDITORS 


FRANK B. MALLORY, 
JAMES W. JOBLING FREDERIC PARKER, Jr. 
HOWARD T. KARSNER H. GIDEON WELLS 
PAUL A. LEWIS GEORGE H. WHIPPLE 
HANS ZINSSER 


818 HARRISON AVENUE, BOSTON, MASSACHUSETTS 
Issued Bimonthly Annual Subscription in U.S. A. $5.00 


as second class matter, March 20, 1914, at the Post 
Office at Bolten, Massachusetts, under the AB of March 3, 1879 


COPYRIGHT, 1927 
_ BY THE AMERICAN ASSOCIATION OF PATHOLOGISTS AND BACTERIOLOGISTS 


. 
: 


A CYTOLOGIC STUDY OF MOLLUSCUM CONTAGIOSUM 


CONTENTS . 


OSTEOSCLEROTIC ANEMIA SECONDARY TO EPIDERMOID CARCINOMA. 
(With two plates.) 
G. Y. Rusk and W.L. Miles. 


(With five plates.) 
E. M. Medlar. 


(With four plates.) 

William Snow Miller. 

MULTIPLE HEMORRHAGIC SARCOMA OF KAPOSE ..........4., 


(With four plates.) 
Douw Schuyler Meyers and Victor C. Jacobson. 


THE STATE OF THE GLOMERULUS IN EXPERIMENTAL HYPERTROPHY OF THE 


(With one plate.) 
Otto Saphir. 


THE GYMPATHICOTROPIC CELLS-OF THE OVARY AND TESTIS - 
(With five plates.) 
Dorsey Brannan. 


(With four plates.) 
Lawrence W. Smith. - 


(With five plates.) 
David Seecof. 


(With two plates.) 
Ernest W . Goodpasture and Howard King. 


NUCLEAR CHANGES OF GANGLION CELLS IN EXPERIMENTAL HERPETIC EN- 
(With one plate.) 
Enesst W. Goodpasture. 


ON THE ORIGIN OF RETICULIN FIBRILS 
(With four plates.) 
Nathan Chandler Foot. 


PRINTED AT THE HARVARD UNIVERSITY PRESS, CAMBRIDGE, MASS., U.8, Ay 


Put 
‘ ONARY BLASTOMYCOSIS; ITS SIMILARITY TO TUBERCULOSIS. REPORT ae 
315 
; 
a 
3 


THE AMERICAN JOURNAL 
OF PATHOLOGY 


Voiue III JULY, 1927 NuMBER 4 


OSTEOSCLEROTIC ANEMIA SECONDARY TO EPIDERMOID 
CARCINOMA * 


G. Y. Rusk, M.D. W. L. Mites, M.D. 


(From the Departments of Pathology and Medicine, University of California School 
of Medicine, San Francisco, Cal.) 


Anemia is so frequently associated with carcinoma that we accept 
it as a concomitant feature, rather than showing surprise at its ap- 
pearance. This anemia, however, as emphasized by Harrington and 
Kennedy,! and others, is almost invariably of the secondary type. 
von Grawitz * in 1879 described three cases of ‘malignant osteomye- 
litis” in which the blood pictures simulated that of pernicious ane- 
mia. Since that time a number of cases, more or less similar, have 
been reported and MacCallum? in classifying the anemias, speaks 
of this unusual type due to destruction of the bone marrow by 
tumor growth as “‘osteosclerotic anemia.”’ The following case is one 
of this type that recently came under our observation. 


CAsE REPORT 


Clinical History. G.S., a farmer 52 years old, complaining of pain over both 
thighs, arms, shoulders, chest and neck, and a fracture of the right femur, was 
referred to the medical service of the University of California hospital on Oct. 28, 
1922, by D-. Seawell of Healdsburg.f The family history is negative, but his past 
history is of interest, in that at the age of 14, when firing a rifle the ejected shell 
struck him over the left malar bone causing some injury to the skin. At the age 
of 32 he again injured in some manner the skin in the same area. This was fol- 
lowed by a chronic ulceration which lasted until four years ago when he went 
to a local “Cancer Institute” for treatment. The condition was diagnosed 
rodent ulcer and treated with arsenic paste: it cleared up with no subsequent 
local recurrence. 


* Received for publication January 6, 1927. 
t For the clinical notes we are indebted to Dr. N. C. Moffitt, Dr. W. J. Kerr and 
their associates. 
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His present complaint apparently started about one year before entry, with 
a dull, aching, non-radiating pain in the right thigh which was worse at night. 
About one month later similar pains made their appearance across his chest, 
arms and shoulders, and became so severe that they prevented sleep. Six 
months later while walking down the road, and without any apparent cause, a 
spontaneous fracture of the right femur occurred. He was placed in a local 
hospital and a cast applied to the limb. However, during his five months’ stay 
there, before entry to the University hospital, no union occurred in the fracture, 
the pains became progressively more intense and the patient noted that his right 
chest, especially the lower ribs, was gradually sinking in, causing considerable 
dyspnea. 

Physical Examination: An emaciated man appearing older than the age 
stated, with a generalized brownish pigmentation of the skin. There were 
several non-tender nodules varying in size from a pea to a hazelnut scattered 
over the frontal bone, and a scar about the size of a half-dollar over the left 
malar region. Eyes, nose, and ears were negative except for slight impairment 
of hearing on the right side. The teeth showed some dental caries and pyorrhea, - 
and there were a few pin-point hemorrhagic areas on the hard palate. There 
were no palpable glands in the neck. The chest presented a marked deformity on 
the right side with a funnel-shaped depression in the center (Fig. 1); dullness over 
the apex of the right lung, with increased vocal and tactile fremitus over the 
entire lung, and bronchovesicular breath sounds with moist rales at the base; 
dullness over the apex of the left lung, increased breath sounds and vocal and 
tactile fremitus over the whole lung and a friction rub over the base in the axil- 
lary line. The heart was negative, pulse rate 116, arteries normal, the blood 
pressure systolic 115 and diastolic 70. The abdomen showed a firm, smooth, 
slightly tender tumor mass with rather indistinct edges, occupying the left 
upper quadrant, extending down to the umbilicus and to the midline and mov- 
ing with respiration. The liver dullness extended 4 cm. below the tip of the ensi- 
form cartilage but the liver could not be felt below the lateral costal margin. 
Examination of the genitalia, rectum and prostate was negative. The extrem- 
ities were emaciated, and the right thigh and leg which were splinted showed 
some slight edema. The reflexes were normal. 

The laboratory findings, with the exception of the blood examination which 
is detailed in the chart below, were essentially negative. The blood Wassermann 
was negative and at no time was Bence-Jones albumose found in the urine. 

Roentgenologic Examination: Numerous fractures of the ribs and transverse 
processes with many irregular areas of rarefaction in them and in the vertebral 
bodies. About two inches below the lesser trochanter of the right femur a T- 
shaped fracture was seen, with rounded ends and some callus formation. On 
the inner side of the right tibia, about the middle of the shaft, was another small 
irregular area of rarefaction (Figs. 2, 3 and 4). 

On November 4, about 5 cm. of the right seventh rib was removed for diag- 
nostic purposes. This was examined by Dr. E. I. Bartlett who reported that 
the weight of evidence was in favor of carcinoma, but felt that the microscopic 
picture was not conclusive. 

During the following week the tissues in the region of the left mandible be- 
came inflamed, the second and third molars on that side loosened and were 
extracted. A small incision was made above the angle of the mandible and about 
15 cc. of very foul pus evacuated, from which an anaerobic streptococcus was 
cultured. 
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On November 17, thrombosis developed in the right femoral vein which re- 
sulted in a marked edema spreading up into the perineum and right buttock. 

On November 23, a splenic puncture was made. The smear from this was 
chiefly blood cells resembling the picture of pernicious anemia, with marked 
poikilocytosis and anisocytosis of the red corpuscles, megalocytosis and many 
normoblasts and myelocytes. In addition there were many abnormal cells about 
the size of small lymphocytes, each with a heavily stained nucleus and a baso- 
philic cytoplasm containing from seven to nine chromotoid bodies. 

On November 26, the right superficial epigastric vein became greatly dis- 
tended with the blood flow directed cephalad. The abdomen, especially the 
lower portion, felt doughy, and the findings suggested a block of the inferior 
vena cava. 

During his month’s stay in the hospital, the patient’s condition became pro- 
gressively worse; the brownish pigmentation of the skin deepened and, during 
the last three weeks of life, the tumor in the left upper quadrant gradually de- 
creased in size to three-fourths of its size on entrance, resembled the consist- 
ence of tense muscle and presented a smooth sharp edge that could be definitely - 
followed around from midline to flank. Later, this tumor mass was definitely 
diagnosed as spleen, but until this time hypernephroma, adrenal neurocytoma 
and plasma cell myeloma of the bones with splenic involvement and especially 
a primary tumor of the spleen had been considered. 

The patient died at midnight November 29. 


The necropsy, the positive findings of which are recorded below, 
was performed eleven hours later. 


NEcRopSY REPORT 


A ventral incision shows pale, flabby musculature and a decrease 
of the fatty tissues which appears hyperchromatic. 

Peritoneal Cavity: The liver edge extends 3 cm. below the ensi- 
form cartilage, and the spleen which is covered over by omentum 
extends 6 cm. below the costal margin in the left midclavicular line. 
Distally from the third lumbar vertebra, the vena cava and bi- 
laterally the common iliac veins with all their branches, including 
the hemorrhoidal and prostatic plexuses and the median sacral vein, 
are widely distended by a firm, dark red thrombus which has origi- 
nated somewhere below the origin of the external iliac veins. 

Thoracic Cavity: There are a few old fibrous pleural adhesions to 
the apex of the left lung, about 50 cc. of clear straw-colored fluid in 
the pericardial sac, and multiple fractures of the second to tenth 
ribs inclusive on the left side, and third to tenth on the right. 

Heari: Weight 250 gm., shows moderate dilatation of the right 
auricle, an anatomically patent foramen ovale, fenestrations of all 
cusps of the aortic valve and of the median cusp of the pulmonary; 
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considerable atheromatous sclerosis about the base of the aorta, and 
cloudy swelling of the myocardium. 

Right Lung: Crepitant throughout and has a smooth and glisten- 
ing but slightly opaque pleura. Scattered over the surface of the 
lung but more numerous on the interlobar septa are a few small, 
firm, white, puckered areas which when sectioned are firm and al- 
most cartilaginous and appear to be quite superficial. Some of these 
areas have pale yellowish centers. At the apex of the lung there is 
some puckering with increase in fibrous tissue and slight calcium 
deposition, but no evidence of recent tuberculosis. Elsewhere the 
lung shows nothing more than hypostatic congestion of the de- 
pendent portions. 

Left Lung: A similar picture is seen except that there is also 
thrombosis of the median branch of the left pulmonary artery with 
a resultant small, firm, red infarct with brownish borders in the 
middle lobe. 

Liver: A little paler and firmer than normal, and over the lower 
anterior surface of the right lobe are two small, white circular non- 
elevated areas about 3 mm. in diameter, and sharply demarcated 
from the liver parenchyma and surrounded by a slight zone of con- 
gestion. These are quite superficial but, on sectioning the liver, 
similar yellowish areas are scattered throughout, apparently bear- 
ing no relation to the liver lobules. The gall bladder is negative. 

Spleen: Weight 750 gm., and symmetrically enlarged. It is uni- 
formly firm, about normal in color and the rather opaque capsule is 
smooth everywhere except over an area on the anterior surface, 
where it is adherent to the omentum by recent adhesions into which 
there has been some hemorrhage. The rather firm pulp shows a fine 
diffuse grayish mottling and does not readily scrape away with the 
knife; the Malpighian corpuscles are less distinct than normal, and 
there is slight fibrous thickening of the trabeculae. 

Kidneys: Weight 250 gm. Negative except for cloudy swelling in 
both, and a superficial cortical cyst in the lower pole of the right. 

Prostate: Negative except for a small round white phlebolith in 
the periprostatic vein over the right lobe. 

Gastro-Intestinal Tract, Pancreas and Adrenals are essentially 
negative. 

Lymph Nodes: The bronchial group are moderately anthracotic 
but appear normal in size and consistence. The mesenteric nodes 
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are small, discrete, freely movable and but slightly firmer than 
normal. The fresh surface has a diffuse chrome yellow color but 
shows no evidence of hemorrhage or necrosis. 

Skeletal System: The cranium, all vertebrae and ribs, the left 
ilium and both femora show similar changes, and a description of 
the cranium will suffice for all. On reflecting the scalp, the peri- 
cranium was detached from the calvarium with the greatest ease 
because it was almost entirely separated from the latter by diffuse 
collections of clear, pale yellow, viscid fluid in which great numbers 
of discrete, irregular, firm, white, flattened sand-like particles vary- 
ing up to 2 mm. in diameter are suspended. The surface of the skull 
is extensively eroded by broad, shallow, sharply chiseled out fur- 
rows which cover the entire surface in an interlacing, geographical . 
pattern. The calvarium likewise separates from the dura with re- 
markable facility and the same condition is found between the cal- 
varium and dura as between the calvarium and pericranium. 

The ribs and femurs seem to be lying in distended tubes of thick- 
ened periosteum, and separated from the latter by the same type of 
viscid fluid and granular particles, which are described above. These 
fluid accumulations are most marked along the ribs and in the left 
iliac fossa. Under the periosteum of the left ilium there is a fluctu- 
ating tumor mass bulging out into the false pelvis, which contains 
about 150 cc. of viscid brown-stained fluid and many thick gelati- 
nous clots. The periosteal surfaces of all the bones are diffusely 
roughened by small irregular depressions giving a granular appear- 
ance. These depressions are all filled with the characteristic fluid 
and, in the areas of greatest fluid accumulation, erosion of the bone 
surface is most marked. All the bones, but especially the ribs, are 
more pliable than normal, fracture very easily and may be cut with 
the knife or sawed with greater facility than normally; and the 
sawdust resembles that of wood, being soft, dry and flaky. The 
marrow from the femur is yellowish white, fibrous with scattered 
edematous or gelatinous areas, and with a diffuse distribution of 
fine spicules of bone. The marrow spaces of the ribs are likewise 
filled with firm yellowish white material and a few gelatinous areas. 
Neither red nor fatty marrow is found in any of the examined bones. 
The fracture of the right femur shows fibrous union with very slight 
callus formation, limited motion between the fragments and some 
rarefaction of their ends. 
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The Cranial Contents: There is an increased amount of cerebro- 
spinal fluid and an old pachymeningitis with a very fine network of 
new capillary blood vessels over the tentorium. With the exception 
of edema of the meninges, most marked over the frontal lobes, the 
brain is negative. 

The microscopic examination of the lungs, bones and spleen is of 
particular interest. 


Microscopic REPORT 


Lungs: The small, firm, white areas which are scattered over the 
pleural surfaces, consist of irregular clumps of epithelial cells sur- 
rounded by a desmoplastic reaction and, though rather superficial, 
lie not within the pleura but in the underlying lung tissue. These 
cell clumps vary greatly in type. In some areas they consist of 
scattered cells with lightly staining, irregularly ovoid or spindle- 
shaped nuclei, surrounded by scant, pale cytoplasm which extends 
in spider-like threads in all directions to unite with similar proto- 
plasmic threads from adjacent cells. Between these cells there is a 
non-staining or faintly eosinophilic matrix, while about and extend- 
ing throughout such a clump will be strands of fibrous tissue. In 
other areas, which are apparently younger and where desmoplasia 
is less marked, the cells are more uniform in type with round or oval, 
lightly staining nuclei surrounded by a moderate amount of pale 
cytoplasm. In such areas the cells are arranged in compact groups 
which show a tendency toward cornification and pearl formation in 
their centers. Though intercellular bridges are present in such 
groups they are not as prominent as in the previously described 
type. In a few other areas, probably older, a different picture is 
seen. This consists of dense, more or less hyalinized fibrous tissue 
within which a few scattered irregular strands of tumor cells are 
found (Figs. 5 and 6). 

Bones: Sections for microscopic study were taken from the 
sternum, ribs, stenochondral junctures, femurs and pelvic bones. 
All these sections show a more or less similar picture, characterized 
by a complete infiltration of the marrow spaces, and considerable 
infiltration of the periosteum by tumor tissue which is accompanied 
by an extreme desmoplastic reaction. Associated with this, is a 
condition analogous to osteoid fibrosis, a decalcification of bone 
leaving a hyaline-like matrix and, in some areas, actual bone erosion. 
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In none of the sections is either red or fatty marrow to be found. 
Extending through the marrow spaces between the bony trabeculae, 
strands of fibrous tissue are seen; young in some areas and rich in 
large cells, and in others, largely hyalinized containing but a few 
small, thin, deeply staining nuclei and representing a much older 
fibrosis. Interspersed throughout this fibrous background are found 
groups of tumor cells varying greatly in character. Some groups in 
the younger fibrous strands are round clusters of plump cells showing 
cornification and pearl formation, while others show an irregular 
separation of the cells making conspicuous many intercellular 
bridges. The arrangement of such cells suggests the appearance of 
the diffuse epithelial masses seen in adamantinomas. Within the 
older more or less hyalinized fibrous tissue there is an occasional . 
clump of a few, small, densely packed, deeply staining tumor cells 
(Fig. 7). 

The changes in the cortical bone are most marked in the ribs, 
where the cortex is largely replaced by irregular layers of osteoid 
tissue covered on either side by new fibrous tissue, containing vari- 
ous groups of tumor cells. The periosteum is greatly thickened and 
infiltrated with the tumor tissue which in some areas is seen as 
broad sheets that have either split longitudinally or undergone cen- 
tral necrosis and become more or less cystic. Invading the original 
periosteum are strands of tumor cells which are clustered about 
blood vessels. Many small hemorrhagic areas are found in the re- 
gions of more recent growth, especially subperiosteally, while areas 
of cystic, gelatinous and hyaline degeneration are more common in 
the older growth. 

Spleen: The changes here are well shown in Fig. 8. Scattered 
throughout the pulp and largely replacing its normal constituents 
are many myelocytes both singly and in groups of three to six, 
which are predominately eosinophilic though many are neutrophilic 
and occasionally there are seen myelocytes with less abundant cyto- 
plasm which contain but a few, relatively large basophilic granula- 
tions. In addition to the definite myelocytes there are cells which 
have scant, poorly outlined cytoplasm in which no granules are 
evident, and large round nuclei that show deeply staining chromatin 
about the periphery and a few thin strands of chromatin crossing 
the pale central portion. These cells are probably myeloblasts and 
frequently one or two of them are surrounded by a group of myelo- 
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cytes. Though a few normoblasts are encountered in the pulp tissue 
it is more likely that they have been swept in with the circulation 
than that they are the result of erythropoiesis, because they do 
not occur in groups but only as isolated cells, and no cells resembling 
megaloblasts can be found. The lymphoid follicles are not promi- 
nent and are relatively far apart, due to the increase of pulp. 

With the exception of the infarcted region of the left lung, slight 
general passive congestion and parenchymatous degeneration, there 
is nothing further of interest in the microscopic examination of the 
tissues. The nodular areas seen during the gross examination of the 
liver are areas of senile sclerosis of the liver parenchyma. There is 
no tumor tissue in any of the sections of lymph nodes. 

Briefly summarizing the case, we have, in a 50 year old man, an 
epidermoid carcinoma, arising probably in the skin over the left 
malar region, giving rise to metastases to the lungs and to the bones, 
where the marrow has been practically obliterated by the carcinoma, 
resulting in multiple spontaneous fractures of the bones and a pe- 
culiar type of anemia associated with a myeloid reaction in the 
spleen. 

Cases similar to the above with metastatic involvement of bone 
marrow by tumor growth resulting in a specific anemia, are of 
rather rare occurrence in the literature. Piney * in 1922 collected 
ten published cases and added four of his own. Since then a case 
has been reported by Miller,’ and by reviewing the literature we 
have been able to collect a total of twenty-three cases of bone mar- 
row metastases that showed the blood changes characterizing osteo- 
sclerotic anemia. The location of the primary tumor in each of the 
accepted cases and the names of the authors who report them are 
listed below. 

In addition to this list, several cases have been reported that may 
belong in it; but because of insufficient blood pictures, lack of defi- 
nite bone marrow involvement, or some other important factor they 
cannot be definitely grouped with the above. Of these, von Grawitz 
has reported three cases; Schleip,® one, a jaw tumor; Kurpjuweit,! 
one, related to lymphosarcoma; Waldstein,’* one, probably chlo- 
roma; and Israel and Leyden” have reported a possible case due to 
osteosarcoma. 

All of the twenty-four cases, in addition to being cases of meta- 
static involvement of the skeletal system, are alike in that they 


iy 
7% 

a 

> 
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TABLE 2 
Total No. 
Location of Primary Tumor of Cases Reported by 
9  Schleip,* Parmentier and Chabrol,’ Harring- 


ton and Teacher,’ Harrington and Ken- 
nedy,! Ellermann,? Fresé,!° Kurpjuweit." 


5 Epstein,!* Houston,!* Ward," Piney,‘ Hirsch- 
feld.15 

Lung (alveolar)............... I Piney.‘ 

Lung (bronchial).............. I Piney.‘ 


Cheek (epidermoid carcinoma)? 1 Rusk and Miles (present case). 


show a peculiar blood picture, the outstanding features of which 
are as follows: 

1. A marked reduction in the erythrocyte count with a similar 
reduction in hemoglobin, resulting in a color index that is usually 
slightly under 1. 

2. Anisocytosis and poikilocytosis of the erythrocytes. 

3. The appearance of immature red cells, both normoblasts and 
megaloblasts, in the circulation. 

4. The appearance of myelocytes and less frequently myelo- 
blasts in the circulation. 

5. Usually a slight leucocytosis due principally to an increase in 
the myeloid series of white cells though frequently there is a leuko- 
penia. 

6. Frequently a terminal reduction in the blood platelet count. 


DISCUSSION 


One of the first questions brought to mind by our case is, why were 
metastases so extensive to the bone marrow and so limited else- 
where? There was no evidence of lymph node involvement any- 
where in the body or of visceral metastases, with the exception of 
several relatively small foci in the peripheral portions of the lung 
parenchyma. The old conception, advanced by von Grawitz, that 
bone marrow tumors were the result of a “cancerous diathesis” that 
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could occur in several parts of the body simultaneously, is now un- 
tenable. At present, metastases are regarded as carcinomatous em- 
boli occurring in either the vascular or lymphatic channels‘ or due 
to lymphatic permeation.” With this in mind we present three 
possibilities that might account for this condition: 

1. There may be a predisposition of certain tissues to metas- 
tasize to the bone marrow. 

2. Mechanical or chemical factors may be present in the bone 
marrow which favor the development of metastases there. 

3. The bone marrow, unlike the other tissues, may not possess 
sufficient resistance to prevent the development of the metastases 
of a carcinoma of a certain virulence. 

The first becomes a very convincing argument when we recall the 
frequency with which carcinomas of the thyroid, prostate and breast 
metastasize to bones. Paget 7 was one of the first to note this, and 
records the fact that of twenty cases of carcinoma of the thyroid 
which came to necropsy, ten showed metastases to bones. Risley ” 
states that Fischer-Defag, studying a series of prostatic carcinomas, 
found that twenty-five per cent showed skeletal metastases. More 
recently Moore ** reports that of 1600 cases of carcinoma of the 
stomach, studied at the Mayo clinic during a period of ten years, 
not one gave evidence of metastases to bone; while of sixty-five cases 
of metastatic malignancy of the bones which he studied roentgeno- 
logically, thirty-six were from the breast, eleven from the prostate, 
seven from the kidney, (hypernephromas?) and two from the thy- 
roid. 

Not only are some carcinomas more apt than others to metas- 
tasize to bones but, as Paget, von Recklinghausen * and many 
others have observed, these metastases occur most frequently in 
certain bones and in certain parts of these bones. The spine is most 
frequently involved and after this the bones of the pelvis, the fe- 
murs, the humerus, the ribs and the flat bones in general. In rela- 
tion to the femur and humerus, Pfahler > has emphasized that the 
metastases occur in the heads of these bones. von Recklinghausen 
conclusively demonstrated that the earliest bone metastases are in 
the centers of the bones within the marrow cavities. If we recall 
the anatomy of bone marrow, we note that normally red marrow 
persists throughout adult life in the head of the femur and of the 
humerus, and generally throughout the marrow spaces of the other 
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locate within red marrow. 


bones mentioned. In other words, the bony metastases tend to 


If we accept von Recklinghausen’s conception that bone metas- 
tases occur by way of the blood stream, the above statements may 


bear some relation to the possibility that such metastases are the 
result of favorable mechanical or chemical factors in the red marrow. 


von Recklinghausen showed, and Drinker ** has more recently re- 
viewed the subject, that within the red marrow the blood vessels 


break up into many wide and tortuous thin-walled channels which 
results in a marked slowing of the blood stream. If cancer cells were 
free in the blood stream, it would seem that the partial stasis there 
would give them an excellent opportunity to gain a foothold within 


the many crevice-like outpocketings of these vascular sinuses. 


tion in those tissues. In addition to stasis, von Recklinghausen be- 
not so convincing. 


Ewing ” while considering other possibilities, believes that the par- 
ticular susceptibility of some tissues to develop secondary tumors 
lieved that physical strain and thermal changes were also important 


is explicable on the basis of mechanical peculiarities of the circula- 


factors in the location of the bone metastases but his arguments are 


The third possible factor namely, that metastases are dependent 
upon cancer cell virulence versus tissue resistance, may seem rather 
difficult to accept. However, it is well known that the bones and 
bone marrow show relatively poor resistance to infections, thus, re- 
garding the carcinoma cells as invading organisms, it is conceivable 
that a carcinoma of relatively low virulence, which would be readily 

overcome by most of the tissues, could, providing it gained entrance 
of lower resistance. 


to the bone marrow, obtain a foothold there and develop in this area 


The route by which cancer cells arrive in the bone marrow has for 


many years been a subject of dispute. Piney champions von Reck- 
linghausen’s conception that the metastases are blood borne; while 
Sampson Handley *° is the outstanding exponent of the theory of 
lymphatic permeation. That the usual lymph node and visceral 
metastases come by way of the lymph stream can be readily shown 
in nearly all necropsied cases of carcinoma, and as such is generally 
accepted by all. However, we have been unable to find a record of 


any work proving the existence of lymphatics in bone marrow. 


Piney, using very careful technic, attempted the injection of peri- 
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osteal lymphatics and found that the material would readily enter 
the periosteal lymphatics and pass from them through the bone and 
into endosteal channels, but he could not force the mass from these 
channels into the bone marrow. The main reasons for Handley’s 
contention that the metastases are carried by way of the lymphatics, 
may be briefly summarized as follows: 

1. The distal bones of the limbs are rarely invaded by metastases. 
He states that this is incompatible with the embolic idea, because 
these bones would be just as liable as others to invasion and ac- 
counts for this phenomenon by saying that the patient usually dies 
before the process of lymphatic permeation has extended to them. 

2. The liability of a bone to invasion increases directly with its 
proximity to the primary focus. 

3. The point of attack in the limb bones is usually in that portion 
of the bone lying nearest to the cutaneous surface, which would be 
expected if the bones were invaded from the lymphatic plexus of the 
deep fascia. 

4. Bone metastases occur almost entirely in the areas of the body 
that are apt to be involved by metastases to the skin. 

Piney meets Handley’s statements by replying that suitable soil 
for metastases occurs only in the red marrow, and in the adult this 
is not to be found in the distal bones of the limbs. As to the relation 
between bone metastases and skin nodule formation, he calls atten- 
tion to the fact that they rarely occur together, though either singly 
is quite common. In addition to the above, Piney describes and 
gives photographs demonstrating groups of carcinoma cells lying 
within endothelial-lined channels in the bone marrow. He admits 
that he was unable to find both carcinoma cells and erythrocytes in 
the same channel, but states that such a picture has been observed 
by Assmann and by Erbsloh. 

In this connection, it is worth while to mention a case of scirrhus 
carcinoma of the right breast which has recently been reported by 
Beatson.2* He made an unusually. thorough examination of the 
skeletal system, and in addition to involvement of the vertebral 
column, ribs and skull, all of which may possibly be explicable on 
the basis of lymphatic permeation or lymph stream embolism, he 
found metastases in both radii, ulnae, tibiae, fibulae and in the 
metatarsal and phalangeal bones of the left foot. Handley admits 
metastases beyond the elbow and knee joints are difficult to account 
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for by the theory of lymphatic dissemination, so it would seem that 
this case furnished a very definite example of spreading by way of 
the blood stream. 

With our case it has been impossible to determine the route of 
invasion. The tissues have undergone such extreme carcinomatous 
changes that we are unable to say whether the metastases came in 
with the blood stream, located in the marrow, and by extension in- 
volved the bone and then the periosteum; or whether they entered 
the periosteum by way of the lymphatics, and then extended through 
to the marrow; or possibly by some combination of the two proc- 
esses. However, the complete absence of demonstrable lymph node 
or fascial plane involvement, the fact that in general the periosteal 
growths appeared younger than the marrow cavity metastases, and 
that frequently within the original periosteum strands of tumor 
cells could be seen extending like cords about capillaries, lead us to 
believe that in this case the carcinoma was carried to the bone mar- 
row by the blood stream and that the bone and periosteum became 
involved by extension from these metastases. 

Anemia is the result of either increased blood destruction, blood 
loss, or defective erythropoiesis or a combination of the two proc- 
esses. In this case there is no appreciable evidence of blood loss or 
destruction, and it is apparent that here the trouble is primarily due 
to defective erythropoiesis. As to the mechanism by which such an 
effect is produced upon the red marrow, little can be ventured. It 
may be, that as Jack and Teacher *® have suggested, this effect is the 
result of some specific influence inherent in the invading tumor cells, 
but from a survey of these cases, it would seem far more probable 
that it is due merely to a widespread destruction of the erythroblastic 
tissues by the invading growth and the accompanying desmoplasia. 
McMaster and Haessler*° have shown that the spread of the red 
marrow in anemia is dependent upon the available hemoglobin. 
Since in this case there was no blood loss and therefore no reduction 
in the available hemoglobin, we find that the red marrow has spread 
extensively to new fields but that following close upon it, extensive 
metastases have developed which tend to destroy the red marrow 
thus throwing the burden of erythropoiesis upon relatively small 
amounts of tissue which, in their so-called “hurried ineffectiveness,” 
liberate many immature and abnormal cells into the circulation. 

Opposed to this view are a number of cases reported by Middle- 
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ton,*! Jack and Teacher, Thompson and Keiller,**? Beatson, and 
Nothnagel * in which extensive bone metastases were noted but 
which did not show an erythroblastic reaction. These can be ex- 
plained by the above reasoning, only by assuming that in these cases 
metastases had not caused sufficient destruction of the red marrow 
to produce this picture before death ensued. 

A feature of equal interest in this case is the marked myeloid re- 
action of the spleen. Though other men have mentioned the presence 
of a myeloid reaction of the spleen, Parmentier and Chabrol, Fresé 
and Kurpjuweit have made particular note of it. The cause of this 
reaction is to be attributed either to implants within the spleen of 
myeloid elements which have been carried by the blood stream from 
the bone marrow, or to a reversion of the spleen to its embryonic 
function in response to the destructive effect upon the myeloid ele- 
ments in the marrow. Tendeloo * mentions both these possibilities 
but refrains from offering an opinion and merely states that it is an 
open question. 

Considering our case, in regard to the literature which has been 
cited, we feel that the following conclusions are permissible: 


CONCLUSIONS 


1. This case is one of epidermoid carcinoma probably arising in 
the skin over the left malar region and giving metastases to the 
lungs and to the skeletal system. 

2. These metastases came by way of the blood stream and, in the 
case of the bones lodged first in the red marrow and then by exten- 
sion involved the cortical bone and periosteum. 

3. The picture here, which is primarily one of skeletal metastases, 
is most reasonably explained by assuming that carcinomatous em- 
boli reached all the tissues but that only the bone marrow (excluding 
the lungs) furnished suitable soil and possessed the proper mechani- 
cal features to permit the development of metastatic tumor tissue. 

4. The peculiar type of anemia produced is the result of wide- 
spread destruction of the marrow. 

5. This anemia is characterized by the appearance of abnormal 
and immature erythrocytes, and myeloid leucocytes in the circu- 
lation. 

6. With this anemia there is usually produced an extreme myeloid 
reaction on the part of the spleen, resulting in a splenic tumor. 
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DESCRIPTION OF PLATES 
PLATE 83 


Metastasis in lung. 
Metastasis in femur. 


PLATE 84 


Detail with pearl formation in femur. 
Myelocytic infiltration in spleen. 
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PULMONARY BLASTOMYCOSIS; ITS SIMILARITY TO 
TUBERCULOSIS. REPORT OF TWO CASES * 


E. M. Meptar, M.A., M.D. 


(From the Department of Pathology, University of Wisconsin, School of Medicine, 
Madison, Wis.) 


Generalized fungus infections in man are sufficiently rare to war- 
rant reporting, especially if cultures of the organism have been ob- 
tained. There is no doubt but that there is a considerable variety 
of fungi which cause lesions in the various tissues of man. It would 
seem that one of the most important pieces of work to be done in 
this type of infection would be for some individual worker to collect 
the various cultures that have been obtained and to work out their 
life history under conditions most suitable for their unhampered and 
natural development. No attempt will be made to discuss the no- 
menclature, cultural characteristics and classification of the organ- 
ism obtained from one of the cases here reported. This organism, 
with several other fungi obtained from human lesions, is being studied 
by Dr. W. D. Stovall and will comprise the material for a future 
report. For those interested in the cultural characteristics, nomen- 
clature and bibliography of fungus infections, the exhaustive work 
of Ricketts,’ and Stoddard and Cutler ? in this country are outstand- 
ing in their contribution to our knowledge of these diseases and their 
infectious agents. The first report of this type of infection in the 
United States was made by Rixford and Gilchrist * in 1896. 

The purpose of this report is to emphasize the similarity of the 
morbid anatomy and histopathology between the infections due to 
fungi and those due to tubercle bacilli. It would appear that the 
great variety of pathologic lesions produced in these two diseases 
depends largely upon the balance between the virulence of the in- 
fecting agent and the resistance of the infected host. For a clear 
conception of an infectious process of long duration it is essential to 
consider it from the very acute to the very chronic phase; and 
to compare infections caused by fungi and tubercle bacilli, it is 
logical that the different phases in one type of infection should be 
compared with corresponding phases in the other. The two cases 
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of fungus infection reported below give a complete pathologic pic- 
ture of the disease. The first case on the one hand represents the 
phase in which the parasite caused death in a relatively short space 
of time. The second case on the other hand represents the phase in 
which the host so successfully resisted the infection that clinically 
there was no suspicion that such an infection had ever existed. In 
both cases there are the intermediary lesions which interlock and 
thus a complete picture is procured. 

The following is a brief summary of the clinical history and patho- 
logic findings of the two cases. 


CasE I. A white male of 19 years. His occupation was that of a common 
laborer. He had acne for a number of years. In January, 1926, the patient had 
a chest cold and a productive cough. Following this cold there appeared on the 
right side of the chest a sore spot which ulcerated and failed to heal. About the 
first of March the left knee became swollen and tender. March 30, the patient 
was admitted to the Wisconsin General Hospital for diagnosis and treatment of 
his knee condition. 

On physical examination, granulating lesions on the right chest and left 
temple were found. The knee lesion was tentatively diagnosed tuberculous 
arthritis. No other physical findings of note were found. 

Cultures of fluid aspirated from the knee and from the granulating lesions on 
the chest and temple yielded a fungus of undetermined type. Guinea-pig in- 
oculations proved negative for tuberculosis. Biopsies from the skin and joint 
lesions showed the histopathology of a blastomycetic infection. 

During hospitalization there developed a large number of subcutaneous 
lesions which ulcerated. Some of these healed while others did not. The right 
knee developed a lesion which by X-ray appeared to be tuberculous. The el- 
bows, shoulder blades, skull bones and wrist joints developed similar lesions. 
The condition became gradually worse, resulting in death on Nov. 20, 1926. 

The temperature ranged from 99 to 103 F. The white blood count varied 
from 13,000 to 30,000 per c. mm. with from 71 per cent to 83 per cent neutro- 
philic leucocytes. 

Necropsy was performed 15 hours postmortem, only the body was examined. 


Anatomic Diagnoses: 1. Generalized blastomycosis involving 
both lungs, both kidneys, lumbar vertebrae, numerous joints, bones 
and skin. 2. Bilateral iliopsoas abscess. 3. Acute pleuritis, right. 
4. Congestion of liver and spleen. 5. Dilated right heart. 6. Marked 
emaciation. 

The upper lobe of the right lung is firmly bound to the chest wall, 
is firm and on section presents the appearance of a caseous pneu- 
monia with numerous small cavities. Scattered throughout the rest 
of the lung tissue on both sides are numerous firm nodules which on 
section resemble tuberculosis. 
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The lesions in the kidney are cortical and may not be distinguished 
grossly from tuberculosis. 

Microscopic Diagnoses: The heart shows a small tubercle com- 
posed entirely of mononuclear leucocytes with three yeast-like bodies 
present. 

The lungs show a variety of lesions. In the upper lobe of the right 
lung the alveoli are distended with an inflammatory exudate con- 
sisting of fibrin, neutrophilic leucocytes, mononuclear leucocytes and 
an occasional lymphocyte. Giant cells are very rare. Areas of 
caseation are present. Sections of the smaller nodules in other parts 
of the lung tissue show typical mononuclear tubercles, collections of 
neutrophilic leucocytes surrounded by mononuclear leucocytes and 
lymphocytes, and areas of caseation with mononuclear leucocytes 
and lymphocytes infiltrating the necrotic area. In these latter 
lesions giant cells, indistinguishable from those seen in tuberculosis 
are numerous. Yeast-like bodies are easily found in all these lesions, 
but in those showing caseation, “shells” of organisms are much 
more common than in the other types. In some of the sections there 
are irregular areas of fibrous tissue including a few giant cells, some 
of which contain yeast bodies in their cytoplasm. 

Sections of the kidney lesions resemble those of the lung except 
that the fungi are more numerous, and giant cells are much more 
common. 

A study of the fungus in the lesions shows no mycelia present. 
The organisms are all round or oval and have a double contoured re- 
fractile capsule. They reproduce by budding. No evidence of endo- 
sporulation is found. There is great variation in size of the organism, 
some of the giant bodies being three or four diameters larger than 
the smallest organisms. 

The organism grew readily on suitable culture media. Branching 
septate hyphae, aérial hyphae with conidia formation and yeast-like 
bodies with refractile double contoured capsules, similar to the or- 
ganisms present in the tissue, were produced in the cultures. It 
appeared that the type of culture medium, age of the culture and 
other conditions, such as moisture, largely controlled the gross and 
microscopic appearance of the fungus growth. 


Case II. The patient was a white male aged 60 years. When 6 years old he 
had a considerable number of large black and blue lumps on his lower extrem- 
ities. At this time he had sore joints for three months. At the age of 56 he had 
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muscular rheumatism. He worked in a large flour mill for 20 years, and for the 
past 12 years has been a church janitor. Otherwise his past history is negative, 
except for the usual childhood diseases. In December, 1925, he became acutely 
ill with a sense of pressure in the chest. He was seen by a physician who told 
him he had heart disease. On April 3, 1926, he was admitted to the Wisconsin 
General Hospital with an attack of cardiac decompensation. He remained in 
the hospital for a month and was discharged much improved. He returned to 
the hospital the latter part of June, 1926, in another attack of decompensation 
and remained until his death Dec. 11, 1926. The clinical diagnoses in the case 
were hypertension, arteriosclerosis, myocardial degeneration, cardiac hyper- 
trophy, mitral and tricuspid insufficiency, chronic passive congestion of lungs, 
liver and spleen, fibrinous pleurisy and bronchopneumonia. 

During hospitalization the patient showed a leucocytosis of 11,000 to 20,000 
per c.mm. with 75 per cent to go per cent neutrophilic leucocytes. 


Anatomic diagnoses: Generalized arteriosclerosis; coronary sclero- 
sis; cardiac hypertrophy and dilatation; chronic valvular endocar- 
ditis; chronic fibrous myocarditis; chronic passive congestion of the 
viscera; anasarca; ascites; thrombosis of aorta; acute fibrinous 
pleuritis, right; acute gastritis; old tuberculosis involving both lungs 
and an occasional tubercle in the spleen and kidneys. 

The only findings in this case which are pertinent to this report 
are those of the lungs, spleen and kidney, as the lesions in these 
organs were diagnosed as tuberculous. 

The left lung is air-containing and shows the rusty appearance 
and hyperemia of chronic passive congestion. At the apex there is 
a definite puckered scar composed of numerous firm tubercles sur- 
rounded by pigment in the neighboring pleura. 

The right lung has its pleural surface covered with a fibrinous 
exudate. It also presents the appearance of chronic passive con- 
gestion. A puckered apical scar is present and in the lower portion 
of the upper lobe and upper part of the lower lobe there are numer- 
ous firm pearly nodules in fan-shaped distribution which appear 
like old foci of tuberculosis. No cavity or caseous area involving 
vessels or bronchi is found. 

Microscopic examination of the tissues confirms the above ana- 
tomic diagnoses except that the lesions taken to be tuberculous, 
prove to be due to a fungus. Numerous blocks of tissue were ex- 
amined and they all showed the fungus present. Many sections were 
stained for tubercle bacilli, and careful and prolonged search failed 
to reveal them. The histologic picture of typical tubercles and areas 
of caseation are found. Giant cells, like those found in tuberculous 
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lesions, are numerous. Many of the lesions show extensive fibrosis 
with “shells” of the fungus lying among the strands of fibrous tis- 
sue, and no inflammatory cellular exudate is present. Several of the 
old fibrosed lesions show anthracotic pigment scattered throughout, 
a condition commonly seen in fibrosed tuberculous lesions in an- 
thracotic lungs. 

The fungus is a round or oval body with a double contoured re- 
fractile capsule. These bodies are very numerous in many of the 
lesions and few in others. In some of the smaller tubercles only one 
fungus is found in several sections. The large majority of the para- 
sites are hollow “shells.” In fact no parasite is found which has a 
reticular blue-staining cytoplasm similar to the typical staining re- 
action observed in the lesions of Case I. No culture was made of 
these lesions as their true nature was unsuspected at the necropsy. 
It is doubtful whether a growth would have been obtained for the 
parasites all appear to be dead. 


DIscussION 


In nearly all the reports of fungus infections with yeast-like bodies 
where the histopathology of the lesions has been studied, mention 
is made of the occurrence of tuberculous-like lesions. Gilchrist and 
Stokes ‘ state that “in a number of sections there was some evidence 
of the formation of tubercle-like nodules in the deeper portion of the 
chorion.” Ricketts? in his excellent article notes that ‘‘the tuber- 
culoid nodules and multinuclear giant cells of cutaneous oidiomy- 
cosis possess few features to distinguish them from those of tuber- 
culosis.”” Hektoen ® states, in speaking of oidiomycosis, that “real 
caseation and wholly typical tubercles do not seem to occur,” while 
in coccidioidal granuloma, “it has been observed that this disease 
presents the best mimicry of tuberculosis ever seen and the lesions 
cannot be distinguished from tubercles by the microscope.” Stod- 
dard and Cutler? in their discussion remark that “we found in our 
cases and in our experimental work lesions so closely resembling 
tuberculosis that a differential diagnosis would be impossible with- 
out finding the parasites.” Again, “the lesions have typical casea- 
tion or consist of miliary nodules without caseation.” Davis *® found 
caseation in places and giant cells quite like tuberculous giant cells. 
Tubercles were also present but he thought they were not so clearly 
defined as in tuberculosis. 
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In previous publications”*® I have submitted an interpretation of 
the histopathology of tuberculosis based on time sequence and on 
the balance established between the tubercle bacillus and the in- 
fected host. When interpreted on this basis the two cases of gen- 
eralized blastomycosis here reported differ in no respect from tuber- 
culosis in the pathologic lesions produced. The mononuclear 
leucocytes form tubercles and invade the caseous areas as they do 
in tuberculosis. The neutrophilic leucocytes participate in the for- 
mation of abscesses and in caseation as they do in tuberculosis. And 
the lymphocytes seem to appear at the same stages in both types of 
infection. 

When stained with Sudan III there appeared to be just as great a 
lipoid content in the caseous material of the fungus lesions as in the 
caseous areas of the tuberculous lesions. A point of interest here is 
that the living fungi had numerous globules which had absorbed 
the Sudan III while the “shells” contained no lipoid material. 

The production of giant cells appears to be analogous in the two 
types of infection. In Case I where there was little in the way of a 
reparative process, there were few giant cells; while in the second 
case, they were numerous. In other words it appears that these cells 
occur in the reparative stage of fungus infection just as they do in 
the tuberculous lesions. Many of the giant cells showed mononuclear 
leucocytes stretched out in the process of entering the area. Several 
giant cells were found which contained few to many particles of 
anthracotic pigment in the area about the nuclei, while the central 
area, which I have interpreted as an area of necrotic tissue in the 
giant cells of tuberculosis, was devoid of any pigment. In the ad- 
jacent areas individual mononuclear leucocytes containing pigment 
were commonly seen. The giant cells often contained bits of reticu- 
lum just as was found in the same structures in the tuberculous 
lesions. 

There was great variation in the fungus content of the giant cells. 
In many of these cells no parasites were found, while in others as 
many as fifteen or twenty were present. Very commonly only the 
“shells” of the fungus were present, but in some instances living 
forms which often showed a budding process, were found. The dis- 
tribution of the yeast-like bodies in the giant cells varied greatly. In 
some instances they were in the central area but more commonly 
they were in the nuclear zone at the periphery. In Case II, there 
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were colonies of “shells” of the fungus with many mononuclear 
leucocytes squeezed in between the individual parasites, but there 
was no demonstrable cytoplasm so commonly seen in the giant 
cell masses. 

After a careful study of a large number of these giant cells it 
seemed that the fungus was not the real reason for their formation 
and that the inclusion of the parasite within the boundaries of such 
a structure was incidental or accidental. It would appear that the 
real force attracting the mononuclear leucocytes was a nidus of 
necrotic tissue especially difficult to dispose of, and that the presence 
or absence of fungi within the confines of the giant cell would de- 
pend upon whether these structures were within the area before 
necrosis took place. In other words it appears doubtful whether the 
giant cell, if regarded as an entity, has any power of phagocytosis. 
That the mononuclear leucocytes, whether fused or not, which wan- 
der to this area, may retain their phagocytic powers is not ques- 
tioned. The presence of tubercle bacilli in the peripheral more com- 
monly than in the central portion of giant cells would confirm the 
above interpretation. 

A point of considerable interest in Case II was the presence of 
fibrosed lesions which contained dead fungi but no inflammatory 
exudate. It would hardly seem possible that so many parasites could 
grow in tissue without inflammatory cellular exudate, caseation and 
giant cell formation. And it would appear logical that after the 
parasites had been killed, the caseation and necrotic tissue had been 
removed by the mononuclear leucocytes and lymphocytes. During 
and following the removal of the dead tissue, fibrosis had occurred 
and the undigested ‘‘shells” of the parasites remained as inert foreign 
bodies between the fibrous strands. On this hypothesis, the presence 
of a solitary giant cell in the midst of a scar may be explained as 
being in an area in which the dead tissue had not been entirely re- 
moved. 

The large size of the fungus makes its identification easy, and 
offers a clear interpretation of the reaction in the tissues in the acute 
and chronic phases. 

From a study of the clinical histories in these two cases it would 
seem that the primary infection was pulmonary. Case I developed 
multiple skin lesions, but they were all subsequent to a definite pul- 
monary infection of some type. The distribution of these lesions 
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could more logically be explained on a hematogenous distribution 
than in any other way. Case II gave no history of any skin lesions. 

Had an X-ray study been made of the pulmonary lesions in the 
cases here reported they probably would have revealed shadows in- 
distinguishable from those seen in cases of pulmonary tuberculosis. 
Hence it would appear essential to bear in mind the possibility of a 
fungus infection in those cases where tubercle bacilli cannot be 
demonstrated in the sputum. This is especially important in those 
regions where fungus infections have been known to exist. This may 
also explain certain cases which clinically resemble tuberculosis, but 
in which tubercle bacilli cannot be demonstrated and in which the 
von Pirquet reaction is negative. 

The gross and microscopic similarity of pulmonary fungus and 
tuberculous lesions would seem to necessitate the demonstration of 
the infectious agent before a positive diagnosis may be made. The 
difference in the pathologic picture, both gross and microscopic, 
appears to be one of degree only and not of absolute difference in 
the reaction of the body to the invader. In previous reports, I have 
called attention to the identity of the histopathologic lesions pro- 
duced by the different types of tubercle bacilli. It would seem logical 
that fungi which are also closely related biologically would cause 
the production of identical lesions, if these fungi have the same de- 
gree of pathogenicity: that is, the more virulent the fungus the more 
acute is the inflammatory reaction, resulting in abscess formation; 
and on the other hand the less virulent the fungus the more chronic 
is the inflammatory reaction, as characterized by tubercle formation. 
Between these two extremes occur caseation and giant cell forma- 
tion. The healed lesions appear identical. 


CONCLUSIONS 


1. Two cases of primary pulmonary blastomycosis are reported. 
2. The identity of the gross and microscopic pathology in fungus 


’ and tuberculous infections is emphasized. 


3. The necessity of bearing in mind the possibility of fungus in- 
fection as well as tuberculosis in the clinical and X-ray study of 
pulmonary lesions is suggested. 

4. Before a positive diagnosis of tuberculosis can be established, 
the presence of the tubercle bacillus or the absence of a fungus 
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should be demonstrated. The presence of the parasite and not the 
pathologic lesion will establish the type of infection. 


I wish to express my appreciation to the orthopedic service and to the medi- 
cal service of the Wisconsin General Hospital for the privilege of incorporating 
in this article a brief clinical abstract of the two cases reported. I also wish to 
thank Dr. C. H. Bunting for the privilege of reporting the necropsy and histo- 
pathologic findings in Case II, and for his constructive criticism in this study. 
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DESCRIPTION OF PLATES 


PLATE 85 


Fic. 1. Early renal lesion in Case I. The inflammatory reaction consists almost 
entirely of mononuclear leucocytes. This resembles the early mononuclear 
tubercle of tuberculosis. There are several yeast-like bodies in the area. 
X 400. 

Fic. 2. An older lesion in the same kidney. The center of the lesion is heavily 
infiltrated with polymorphonuclear leucocytes. Microscopic abscess for- 
mation. Note the mononuclear leucocytes and yeast-like bodies at the 
periphery. There are also fungi in the abscess area. x 400. 


PLATE 86 


Fic. 3. A small caseating lesion in the lung of Case I. The central portion, 
composed of polymorphonuclear leucocytes, has not yet become caseous. 
Note the elongated mononuclear leucocytes and lymphocytes infiltrating 
the caseous periphery, the giant cell at the left and the absence of polymor- 
phonuclear leucocytes about the periphery of the lesion. Most of the fungi 
in this lesion are empty “shells.”” x 200. 
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Fic. 4. A lesion in the pleura of Case II. Necrosis of tissue, mononuclear 
leucocytic and lymphocytic infiltration, giant cells and “shells” of fungi 
within and outside of giant cells. x 200. 

Fic. 5. A typical tubercle in the pleura of Case II. Note the giant cell in the 
center, and the fungus “‘shell” in the center of the area. x 200. 


PLATE 87 


Fic. 6. Giant cell from lung of Case I. Note the empty “shells” among the nu- 
clei of the giant cell at the right and above, and also lying free in caseous 
materia! in the lower left hand corner. In the upper left hand corner is 
an elongated mononuclear leucocyte. The black dots around the necrotic 
nidus of the giant cell are particles of anthracotic pigment. Note the an- 
thracotic pigment in the individual mononuclear leucocytes in the lower 
right hand portion. x 400. 

Fic. 7. A giant cell similar to Fig. 8, but with viable fungi in the nuclear zone. 
The black dots are anthracotic pigment. x 400. 

Fic. 8. A giant cell in the edge of a caseous mass. From kidney of Case I. 
There is no anthracotic pigment. Note the dead fungi located as in the 
two preceding pictures. x 200. 

Fic. 9. A fibrosing tubercle in Case II with giant cells, and many dead fungi. 
X 200. 

PLATE 88 


Fic. 10. A fibrosing tubercle in which there is very little dead tissue, and giant 
cells are wanting. Many dead fungi are present. x 200. 

Fic. 11. A portion of a completely fibrosed tubercle with many dead fungi, but 
with practically no inflammatory cells present. The numerous small dark 
dots are anthracotic pigment. x 400. 


PLATE 89 


Fic. 12. Branching, septate mycelia growing in the depth of culture medium. 
Culture obtained from Case I. x 100. 

Fic. 13. Six weeks culture on blood serum. Natural size. 

Fic. 14. Conidia on aérial hyphae from a month old culture. x 400. 

Fic. 15. Yeast-like bodies produced in culture. Such structures were more 
abundant on media such as blood agar, blood serum and potato, and were 
more numerous in old cultures. These structures resemble closely those 
seen in the pathologic lesions. x 400. 
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THE RETICULUM OF THE LUNG * 
Vv. ITS SIMILARITY IN BLASTOMYCOSIS TO THAT IN TUBERCULOSIS 


Wi1am Snow Miiter, M.D., D.Sc. 
(From the College of Medicine, University of Wisconsin, Madison, Wis.) 


During the past year I have had the opportunity of studying the 
reticulum in two cases of blastomycosis which were placed at my 
disposal by my colleagues, Drs. Bunting and Medlar.* One of these 
was a case of acute blastomycosis which occurred in a boy 18 years 
of age, and was correctly diagnosed during his life; the other was an 
unsuspected case of chronic blastomycosis in a man 62 years of age, 
and was not correctly diagnosed until sections of the lung had been 
subjected to microscopic study. 

Blastomycosis, as it occurs in the human lung, has been described 
by Irons and Graham,’ LeCount and Myers,” and others who have 
studied its pathology, as ‘‘essentially a bronchopneumonia and more 
a bronchitis than a pneumonia.” In each of the cases studied by 
myself bronchopneumonia has been the outstanding lesion although, 
as LeCount and Myers have stated, many of the bronchi were al- 
most obliterated and their position could only be determined by the 
accompanying blood vessels. 

In an address given in New York before the Harvey Society,‘ I 
described three types of bronchopneumonia that--were associated 
with tuberculous lesions, and ‘each type presents a characteristic 
picture when stained for reticulum.” 

In Type 1, the walls of the alveoli are recognized with difficulty, and there is 
no increase of reticulum in their walls. No reticulum is found within the alveoli 
themselves. The exudate which fills the alveoli undergoes an early and rapid 
caseation. Miliary tubercles are rarely present. 

In Type 2, the walls of the alveoli are increased in thickness and they contain 
an increased amount of reticulum. The alveoli are filled with an exudate in 
which caseation takes place quite early. Miliary tubercles are present in con- 
siderable numbers. The reticulum shows a tendency to encapsulate the caseous 
areas without however, extending into the alveoli themselves. 


In Type 3, the walls of the alveoli are thickened; the alveoli themselves con- 
tain an exudate that consists largely of endothelial cells (mononuclear leuco- 


* Aided by a grant from the National Tuberculosis Association. 
Received for publication March 14, 1927. 
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cytes), lymphocytes, and a few polymorphonuclear leucocytes, which are en- 
closed within a dense network of reticulum. The reticulum in the walls of the 
alveoli is increased in quantity and is directly continuous with the network 
within the alveoli. Because of these characteristics which differentiate this type 
from the two preceding types, I have designated it reticular pneumonic tuber- 
culosis. 

If we compare a section of Type 2 (Fig. 1), of the above classifica- 
tion of bronchopneumonia, with a section of the lung in the case of 
acute blastomycosis (Fig. 2), it will be seen that, aside from the 
presence of the special organism of blastomycosis, they present the 
same characteristics, namely, a thickening of the walls of the al- 
veoli, an increase in the amount of reticulum in their walls and no 
reticulum within the alveoli. 

The exudate which occupies their lumina consists, in the majority 
of the alveoli, of mononuclear leucocytes, a few polymorphonuclear 
leucocytes and lymphocytes. Other alveoli contain numerous poly- 
morphonuclear leucocytes and in some instances show the necrosis 
of early caseation. Whatever the character of the exudate may be, 
the organism of blastomycosis forms a prominent feature. Few giant 
cells are found. They may, or they may not, contain organisms, 
which when present, are usually arranged around the periphery of 
the giant cell. 

In sections which have been impregnated by Bielschowsky’s 
silver method the organism of blastomycosis is brought into special 
prominence, and this method gives a much better demonstration of 
the organism than staining with hematoxylin and eosin. Even in 
low power pictures the organism is easily recognized whether it be 
in the exudate of a bronchopneumonia (Fig. 2), or in a mass of 
caseation (Fig. 4). 

When the living organism is studied under a high power (Fig. 3), 
the mode of propagation is seen to be by budding. On the other 
hand LeCount and Myers think that it is also propagated by means 
of spores, but I have not found them. The mature, viable organism 
is spherical and presents a characteristic stippled appearance; the 
same is true of the buds as soon as they have developed sufficiently 
to show a spherical outline, even though they are still connected 
with the parent organism. 

In a previous contribution ° I have described the part reticulum 
plays in the reparative process in miliary tuberculosis. It was there 
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shown that in the case of mononuclear or “epithelioid” tubercles, 
in which caseation has not taken place, there is a progressive de- 
velopment of reticulum which eventually is converted into collagen- 
ous tissue. In those cases in which caseation has taken place, unless 
the area of caseation be too large, the necrotic material is gradually 
absorbed and the reticulum eventually fills in the space thus cre- 
ated; the reparative process then proceeds as in the case of the mono- 
nuclear tubercle. The same process takes place in blastomycosis and 
it is possible to follow the changes in the organism, while in tuber- 
culosis it is not so easy to demonstrate what happens to the bacilli. 

In acute blastomycosis the active organism (Fig. 3), has a spheri- 
cal shape and is marked with a pronounced stippling. With the 
death of the organism this stippling disappears and, in sections im- 
pregnated with Bielschowsky’s silver stain, it appears as a shell with 
a clear center or as a uniform dark sphere (Fig. 8), depending on the 
plane which lies within the focus of the objective. In sections stained 
with hematoxylin and eosin, a homogeneous substance is often seen 
within this shell; possibly this may be the cause of the dark appear- 
ance of the shell above mentioned. In many instances a shell gives 
the impression of having been crushed when the section was cut; in 
other instances it presents an appearance not unlike the “‘thimble- 
shape” of a red blood corpuscle. 

Taking up now the case of chronic blastomycosis, it was found 
that scattered mononuclear tubercles containing the organism were 
present, especially in the pleura; that numerous giant cells were 
present; that there was no acute inflammatory cellular exudate, and 
that the lesion resembled the reparative process in miliary tuber- 
culosis. 

In Fig. 4, there is an extensive area of caseation that is surrounded 
by a layer of collagenous fibers which are continuous with a network 
of reticulum that is growing into the caseous area. A large number 
of dead organisms are present outside the area of caseation and 
many organisms are also present within the caseous area although 
only a few of the latter appear to be living. It is evident that the 
progress of the caseation has been arrested and that a reparative 
process has already begun. On the upper border of the photomicro- 
graph and a little to the left of the center, a band, partly of collage- 
nous fibers, is beginning to extend into the area of caseation, and by 
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its further growth would probably cut off a segment of the caseous 
area and thus play an important part in the reparative process. 

In Fig. 5, the caseous material has been still further absorbed and 
the lesion presents the characteristic picture of a miliary tubercle 
undergoing the reparative process. A large number of dead organ- 
isms are seen outside, but only a few within the caseous area. On 
the left, a small mass of caseous material has been separated from 
the main area by the extension of a band of reticulum which had, 
no doubt, an origin similar to the one described in Fig. 4. On the 
right side of the caseous area another band can be seen which, by 
its growth, would have divided the larger area transversely. Col- 
lagen has been deposited in the fibers around the periphery of the 
blastomycotic tubercle. In this figure the amount of caseation has 
been reduced while the reticulum has been correspondingly in- 
creased. 

A still further reduction of the caseation and increase of the reticu- 
lum is shown in Fig. 6. The periphery of the blastomycotic tubercle 
is made up of collagenous fibers, and heavy strands are extending 
into the area of caseation. Many dead organisms are enclosed in the 
network of the collagenous fibers and of the reticulum. No giant cells 
are present in either Fig. 4, 5, or 6. 

In Fig. 7, the only remains of caseation are a few necrotic cells in 
the center of the photomicrograph, and a giant cell in the upper 
right quadrant. Three organisms are included in the giant cell and 
they have the characteristic position on the periphery of the cell. 
Nearly all the fibers of reticulum have been converted into collagen- 
ous fibers. The organisms are not sharply outlined in the photo- 
micrograph, due to the fact that the focus was centered on the net- 
work of fibers. 

In Fig. 8, only a few remnants of the network of reticulum remain. 
The majority of the fibers are collagenous. All the organisms are 
dead and most of them show the characteristic hollow sphere; 
others present a broken outline, and a few have the “‘thimble-shape” 
sometimes assumed by the red blood corpuscles. The blastomycotic 
tubercle has passed through the entire reparative process. 
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CONCLUSION 


This study of the reticulum shows that its growth and transfor- 
mation into collagenous tissue differ in no way in the tubercle of 
blastomycosis from that in the tubercle of tuberculosis. 

If the presence of the special organism be eliminated from the 
picture, the lesion is the same in both infections. 

This leads to the conclusion that, though the organisms differ, the 
lesion they produce cannot be differentiated. 
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DESCRIPTION OF PLATES 
All the sections were impregnated by Bielschowsky’s silver method. 


PLATE 90 


Fic. 1. Type 2 of the tuberculous bronchopneumonia described in the text. 
X 200. 
Fic. 2. The bronchopneumonia of acute blastomycosis. Same type as Fig. 1. 
X 200. 
PLATE 


Fic. 3. The organism of blastomycosis as seen in the exudate of acute broncho- 
pneumonia in blastomycosis. Note the stippling of those organisms which 
are in exact focus; also the buds in various stages of development, and 
observe that they have the same markings as the adult cells. x 500. 

Fic. 4. Part of an extensive area of caseation. The whole area was surrounded 
by collagenous fibers. Note their beginning extension into the area of 
caseation on the left side of the figure. Most of the organisms are dead; a 
few within the area of caseation are living. Chronic blastomycosis. x 100. 


PLATE 92 


Fic. 5. A blastomycotic tubercle in which absorption of the necrotic material 
is taking place. The area of caseation is being subdivided by the ingrowth 
of reticulum. All the organisms are dead. The fibers around the periphery 
of the blastomycotic tubercle and many of the fibers within the tubercle 
are collagenous. Chronic blastomycosis. x 100. 
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Fic. 6. A blastomycotic tubercle in which the area of caseation is smaller than 
in Fig. 5. Nearly all the fibers contain collagen. All the organisms are 
dead. Chronic blastomycosis. x 100. 
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Fic. 7. The only evidences of caseation in this figure are a few necrotic cells 
near its center and a giant cell on its right. The giant cell contains three 
dead organisms. There is still a small area in which reticulum is present; 
all the remaining fibers are collagenous. Chronic blastomycosis. x 400. 

Fic. 8. There is no evidence of caseation in this figure. All the organisms are 
dead. But few fibrils of reticulum remain; the rest are collagenous. Chronic 
blastomycosis. x 150. 
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MULTIPLE HEMORRHAGIC SARCOMA OF KAPOSI* 


Douw ScHuyLER Meyers, M.D. anp Victor C. Jacosson, M.D. 


(From the Pathological Laboratory of the Albany Hospital and the Department of Pathology 
of the Albany Medical College, Albany, N. Y.) 


The peculiar skin affection known as “multiple hemorrhagic sar- 
coma” is sufficiently uncommon to warrant the publication of a well 
studied case, especially when it approaches so closely the description 
as originally given by Kaposi! in 1876. The disease in itself is usu- 
ally not a fatal one. It occurs after the middle age of life and most 
often in elderly men. Ordinarily it begins with the appearance of 
small firm blue nodules on the medial surface of the ankle. This is 
soon followed by many more nodules which may remain discrete, or 
coalesce to form a large tumor mass, as occurred in our case. Later, 
or at the same time, similar lesions may appear on the hands, as in 
Kaposi’s first case, which led him to think that it was a generalized 
systemic disease. Cases which have come to necropsy have shown 
nodules also in the lungs, liver, spleen, pancreas, kidney and intes- 
tinal tract. 

Since Kaposi, many cases have been studied and described in de- 
tail. De Amicis!° published a large series in 1897. Mariani? re- 
ported sixty-two cases in 1909 which were reviewed and summarized 
by Ewing * in 1922, and several reports of single observations have 
appeared. Dermatologists have contributed most of the literature 
on the subject which, however, is of great interest to the general 
pathologist. 


REPORT OF CASE 


R. M., a white, male, American, married, confectioner, aged 82 
years had, as a chief complaint, painful, ulcerating skin tumors on 
the medial surface of the right leg. 

Past History. Patient has been in good health until his present 
illness except for ‘inflammation of right lung” when 22 years of 
age. He developed a left inguinal hernia eight years ago, which 
has never caused him any trouble. 


* Received for publication March 28, 1927. 
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Present Illness: Began during December, 1922, with itching and 
burning along the medial surface of the right leg. During January, 
1923,a small nodule appeared in this area, just below the knee, which 
grew rather rapidly and was tender and painful at times. Later it 
ulcerated and bled very easily. He entered the Albany Hospital 
Jan. 25, 1923, and the tumor was removed under local anaesthesia. 
About six months later he noticed several more nodules on the 
medial and dorsal surfaces of the foot. These became very numer- 
ous and painful. Various ointments were applied until Sept. 9, 1924, 
when the patient re-entered the hospital for radium therapy. Two 
treatments of 500 milligram hours each were given. Since that time 
he has been at home and feels quite comfortable except that now 
and then some of the nodules become rather painful. 

Physical Examination: An elderly male, up and about in his home. 7 
Pupils react to light and accommodation. Sight is slightly impaired 
due to bilateral cataracts. Conjunctivae of the lids are deep red. 
Slightly deaf in one ear. Nose is enlarged and shows marked redden- 
ing at tip due to many minute engorged blood vessels. Tongue 
appears normal. No teeth. Plates are used and give no trouble. 

Chest is large and barrel-shaped. Considerable adipose tissue 
present. Apex beat is not visible or palpable. Cardiac dullness ex- 
tends slightly beyond midclavicular line in fifth interspace on left 
side of sternum. Heart sounds are strong and regular except for an 
occasional extra systole. Lungs are clear and resonant throughout. 

Abdomen is pendulous due to excessive fat. No tender points 
elicited. Spleen and liver are not palpable and apparently are of 
normal dimensions. There is a slight inguinal hernia on left side. 
It is easily reduced and causes no pain. 

Upper extremities are normal except for two small bluish nodules 
about 3 mm. wide on the extensor surface of the right hand. 
Lower extremities reveal a very interesting condition, especially the 
right leg which has numerous skin tumors varying from o.5 to 1 cm. 
in diameter. They are limited to the leg proper and are most numer- 
ous about the mesial surface of the ankle and foot. The tumors have 
a black or bluish color. They are raised about 2 to 3 mm. above the 
skin surface, feel hard and are slightly painful on pressure. There 
is one pedunculated tumor between the first two toes which is quite 
painful. Some of the nodules have disappeared below the right knee 
leaving only a black or deep brown discoloration of the skin. A few 
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nodules have appeared above the knee during the past month. None 
of them at present is undergoing ulceration. Some are discrete 
while, in some areas, many nodules have coalesced to form a large 
single mass. There is a white scar 15 by 1.5 cm. just below the knee 
on the mesial surface of the leg where the growth was removed in 
1923. Above the scar a few nodules have appeared within the last 
few months. These have a reddish purple color in comparison with 
the older lesions on the lower part of the leg. The left leg shows a 
few tumor nodules irregularly scattered over the lateral surface of 
the-ankle. There is also a large irregular bluish discoloration of the 
skin about the ankle joint and the lateral surface of the foot. This 
has appeared within the last year and is not painful or uncomfortable 
in any way. The right leg appears slightly swollen but there is no 
marked pitting of the skin after pressure. Pulsation of the dorsalis 
pedis artery is easily elicited in each foot. 


PATHOLOGIC REPORT 


Several pieces of tissue have been removed from the leg at differ- 
ent times. The largest one was excised Jan. 25, 1925. It consists of 
several small nodules which together measure 5 by 3 by 1 cm. 
(Fig. 1). They are quite firm and have smooth shining bluish sur- 
faces. Individually they vary from 0.3 cm. to 0.6 cm. in diameter 
and are raised about 3 to 4 mm. above the level of the skin. There 
are about fifteen such nodules, discrete and with sessile bases. Cross- 
section of the mass (Fig. 2) shows a dark blue surface consisting of 
several loculi or blood spaces supported by rather heavy strands of 
fibrous tissue. The dark areas are limited to the upper portion of 
the subcutaneous tissue but have a tendency to spread beyond. The 
remainder of the subcutaneous tissue appears normal. Several other 
smaller tumors have the same structure as that described above. 


Microscopic REPORT 


Sections were fixed in Zenker’s fluid and stained with hematoxylin 
and eosin, eosin and methylene blue, Mallory’s phosphotungstic 
acid hematoxylin, Verhoefi’s elastic tissue stain and Foot’s reticulum 
stain. The superficial layers of the skin are very thin, and absent in 
some places. The rete mucosum appears normal in some parts, while 
in others there is a marked thickening, with many of the rete pegs 
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dipping quite deep into the subcutaneous tissue. Directly beneath 
the rete mucosum, there are fairly well circumscribed groups of 
spindle cells which can be seen with the naked eye, and vary from 
2 to 4mm. in diameter. The spindle cells are closely packed to- 
gether and surround many small irregular endothelial-lined spaces, 
1 to 2 mm. in diameter, filled with red blood cells. The spindle cells 
form a stroma for these blood spaces, and have sarcomatous tenden- 
cies which are evidenced by the many mitotic figures, the invasive- 
ness and the irregular arrangement. They produce fibroglia. The 
cells are grouped in fairly narrow strands and course irregularly 
through the tissue. These circumscribed cellular areas are numer- 
ous. Some lie directly beneath the rete mucosum, which as a conse- 
quence is abnormally thin, and would possibly ulcerate if growth 
were not interrupted; while others are found fairly deep in the sub- 
cutaneous tissue and over these the epidermis is thickened. There is 
considerable lymphocytic infiltration with many plasma cells about 
many of the nodules. Between these tumor nodules are strands of 
collagen fibers often separated by edema. Numerous blood vessels 
with thickened walls lie between the collagen fibers. Some of the 
small capillaries have only a pin-point lumen while others appear 
completely occluded by swollen endothelium. Verhoeff’s elastic 
tissue stain shows practically no elastic membrane in some of the 
small blood vessels, while in the larger vessels the continuity of this 
membrane appears to be interrupted. A normal amount of elastic 
tissue is found in the subcutaneous tissue beneath the corium, ex- 
cept where the tumor nodules lie directly beneath it, and here there 
appears to be no elastic tissue. A fairly large amount is found in the 
connective tissue surrounding the nodules. No elastic tissue appears 
within the nodules or in the walls of the blood spaces in and around 
the nodules. The blood vessels show no invasion of their walls by 
the tumor and, although in places definitely proliferating, the en- 
dothelium does not appear to be neoplastic. Practically all the 
blood vessels have thickened walls but none of them shows throm- 
bosis. There are many areas of hemorrhage in the tissue surrounding 
the tumor nodules. The hemorrhage is not extensive and is usually 
found in areas not greater than 5 mm. in width. There is no recent 
hemorrhage within the nodules. Several nodules consist of very wide 
closely apposed thin-walled blood spaces just beneath the epidermis, 
which may readily be designated cavernous hemangiomas. Many 
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minute deposits of hemosiderin are present in the connective tissue 
beneath the corium and surrounding the tumor nodules. The over- 
lying epidermis is atrophic. Several sections stained with Foot’s 
reticulum stain show a fine reticulum developing in the nodules, 
apparently being laid down by the spindle cells. Nothing suggestive 
of a fungus or other infectious agent is seen in any of the sections. 


DISCUSSION 


This case from a clinical standpoint corresponds very closely with 
those originally described by Kaposi. Since then many others have 
been reported. Only ten cases with complete necropsies have been 
reported in this country. All of them showed thoracic and abdominal 
metastases, and Philippson‘ found lesions on the conjunctivae, 
tonsils, and soft palate. X-ray plates of the thorax of our case show 
no evidence of lung involvement. 

Various interpretations have been given of the histopathology 
of this condition. Some writers believe it is purely a sarcoma 
while others consider that it was originally a granuloma which 
later became malignant. Dillard and Weidman * found a fungus 
with structures identical with those of Achorion schoenleinii. 
They do not believe this to be the cause of the disease, but think 
it should be considered and searched for in all cases which come 
to necropsy. They believe that there is some general systemic in- 
fluence which induces a dilatation of the lymph and blood vessels 
in the peripheral parts, with inflammatory agents entering later to 
produce the hyperplastic features of the stroma. Ewing believes it 
to be an infectious granuloma of unknown origin, which in its later 
stages acquires genuine neoplastic properties. Dillard and Weidman 
endeavored to produce similar lesions in rabbits by feeding them 
cultures of Achorion schoenleinii and injecting cultures intraperi- 
toneally with no positive results. On the other hand Justus ® claims 
to have inoculated white mice with tissue from a case of Kaposi’s 
sarcoma, with the production of systemic lesions which were carried 
through five generations of white mice. Frost 7 reports one case and 
tends to the belief that the lesions have an inflammatory basis. 
Gilchrist and Ketron’s ® studies lead them to consider that it is due 
to a proliferation and dilatation of the blood capillaries which are 
very frail and liable to rupture, thus stimulating a proliferation of 
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interstitial connective tissue and endothelium which gradually 
obliterates the blood spaces, forming solid tumors. 

It is a question with most of the above writers whether this skin 
tumor is a true sarcoma. Clinically our case has not the appearance 
of a rapidly growing sarcoma since it has been present for more than 
three years and apparently has not injured the health of the patient. 
This is seldom if ever the case in true sarcoma, which is usually fatal 
in much less time. The structure of the tumor microscopically, how- 
ever, leads most pathologists to call it a sarcoma. A fact in this case 
which favors the diagnosis of sarcoma is that the tumor has spread 
from the ankle to the region above the knee, and growths are appear- 
ing on the other leg. New tumor nodules are slowly developing all 
the time. A few nodules on the right leg and foot where radium had 
been applied have retrogressed and only a brownish discoloration of . 
the skin indicates their former site. 

The strongest evidence in favor of its essentially malignant nature 
is the histologic picture. Many unencapsulated foci of spindle cells 
of fibroblast morphology, with numerous mitotic figures and with 
definite although not marked invasive qualities, are details which are 
important in establishing a diagnosis of malignancy. In places the 
grouping of widely dilated and thin-walled blood sinuses beneath 
the epidermis is very suggestive of a cavernous hemangioma. From 
this stage there are gradations through the development of a cellular 
spindle cell stroma about these vessels, to a preponderance of the 
spindle cells in the picture. Hence, the possibility must be consid- 
ered that this is an instance of a sarcoma developing in the stroma 
of an angioma. This conception finds analogies in certain tumors 
of the kidney, bladder, uterus and possibly the thyroid gland. How- 
ever, the subject of mixed tumors which are malignant is a delicate 
one and dogmatic conclusions should be avoided wherever the origin 
of the neoplastic cells is in the least doubtful. 

In our laboratory we have seen an undoubted instance of a fibro- 
sarcoma arising in the stroma of a carcinoma of the urinary bladder, 
a case which Foot ® included in his study of the reticulum of tumors. 
Also in the thyroid gland and endometrium we have encountered 
what we regard as true stromal sarcoma in an adenocarcinoma. It 
brings up many interesting questions, the old and new problem of a 
contagium vivum, a virus first attacking one type of tissue and then 
its stroma, or vice versa, if indeed it is possible to be certain that both 
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tissues were not affected simultaneously. Burrows’ hypotheses, in- 
volving primarily local nutritional changes in the genesis of neo- 
plasms, offer a logical method of approach to the explanation of 
malignant changes in the stroma of epithelial and other primarily 
non-fibroblastic tumors. 


SUMMARY 


1. A case is reported of “multiple hemorrhagic sarcoma of 
Kaposi,” in a man aged 82 years, who has had the condition at least 
three years. The history and clinical findings are in agreement with 
most of the recorded cases. 

2. The disease is rarely fatal, hence its clinical course is in striking 
contrast with most cases of sarcoma. 

3. Careful histologic study of the lesions indicates that the con- 
dition is probably one of multiple hemangiomatosis with a fibro- 
sarcomatous change in the stroma of many of the tumor nodules. 
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DESCRIPTION OF PLATES 


PLATE 94 


Fic. 1. Conglomerate tumor nodules, actual size, removed from mesial surface 
of the right knee, Jan. 25, 1923. 

Fic. 2. Cross-section of tumor mass in Fig. 1, slightly enlarged, showing the 
cavernous hemorrhagic appearance of many of the nodules, some of which 
are beginning to invade the underlying fat. 

Fic. 3. Lateral surface of the right leg and foot, Dec. 18, 1926, showing the 
distribution of the lesions, and cyanosis of the foot. 
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PLATE 95 

Fic. 4. Mesial surface of the right leg showing old and recent lesions, and the 
scar where the tissue in Fig. 1 has been removed, also several recently de- 
veloped nodules near the middle of the thigh. 

Fic. 5. A portion of one lesion, the typical picture of a cavernous hemangioma. 
Hemosiderin granules in the subcutaneous connective tissue. Papillae of 
corium absent. Thickening of the horny layer of epidermis with desqua- 
mation. x 250. 


PLATE 96 


Fic. 6. A lesion, fairly well circumscribed, showing an abundance of dilated 
blood spaces, with beginning spindle cell reaction in the stroma. The 
endothelium in many of these vessels is swollenand proliferating. Lymph- 
oid, plasma cells and large mononuclear cells are in great number. x 80, 

Fic. 7. A lesion more advanced toward a purely spindle cell tumor than that 
in Fig. 6. Marked edema of the surrounding stroma. 


PLATE 97 


Fis. 8. A low power view of a spindle cell tumor close to the skin surface, 
causing atrophic changes in the latter. Many thin-walled vessels about 
the periphery of the nodule. 

Fic. 9. High power photomicrograph of a field in Fig. 7, stained with Mallory’s 
phosphotungstic acid hematoxylin, showing the spindle cells with well de- 
fined fibroglia fibrils. Three mitotic figures are visible. 
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THE STATE OF THE GLOMERULUS IN EXPERIMENTAL 
HYPERTROPHY OF THE KIDNEYS OF RABBITS 


Orro Sapuir, M.D. 


(From the Departments of Pathology of the Cleveland City Hospital and the School of 
Medicine, Western Reserce University, Cleveland, O.) 


INTRODUCTION 


It is a well established fact that the removal or injury of one kid- 
ney will, under favorable circumstances result in hypertrophy of the 
other. Before 1900 many investigators believed that hyperplasia 
was the underlying factor in the enlargement of the kidney. They 
described the formation of new glomeruli and the budding of tubules. 
In 1916, Hinman ‘ in his admirable study of renal counterbalance 
gives the complete literature of this subject. Galeotti and Villa- 
Santa * were the first to investigate carefully hypertrophic kidneys. 
They arrived at the conclusion, that, following the removal of one 
kidney in young animals, there is a genuine hyperplasia of the glo- 
meruli and tubules of the remaining kidney. Full-grown animals, 
however, show under similar conditions only plain hypertrophy. 
Until the present time, there is no contradiction to these statements, 
and even Hinman says that since 1900 no one, so far as he knows, 
has expressed a belief in true renal hyperplasia, except>it the case of 
very young animals. 

In a recent investigation performed in collaboration with Karsner 
and Todd,° it was shown that the enlargement of the heart in hyper- 
trophy is due principally to a hypertrophy of the muscle fibers with- 
out hyperplasia. It became of interest then to investigate the state 
of the glomeruli in hypertrophic kidneys, more especially those of 
young animals, to see if a true hyperplasia of the glomeruli occurs. 


MATERIAL AND METHODS 


Eight white rabbits of the same litter were used for this experi- 
ment. Under local anesthesia, the right kidney was removed; and 
after various intervals of time the rabbits were killed. Rabbit A was 
killed three days after removal of the kidney; Rabbit B eight days; 
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Rabbit C three weeks; Rabbit D six weeks; Rabbit E twelve weeks; 
Rabbit F eighteen weeks; Rabbit G twenty-eight weeks and Rabbit 
H twelve months. The left kidney removed at necropsy was fixed 
in 10 per cent formalin and embedded in paraffin. Serial sections 
were made of all these kidneys, except those of Rabbits A and H; 
and parts of these were used for histologic examination for fat and 
connective tissue. The serial sections were cut 6 microns thick, per- 
pendicular to the long axis of the kidney, and every tenth section 
was taken. The sections were stained with hematoxylin and eosin; 
for fat, Sudan III was used; and for connective tissue, Mallory’s 
anilin blue. All the glomeruli in every section were counted. Two 
glomeruli from the periphery, and two from the central portion of 
the cortex of each section were measured. Only glomeruli showing 
a hilum were measured, and measurements were made only of the - 
transverse diameter of these glomeruli. A euscope was used to facili- 
tate the counting, and a filar micrometer ocular was used for measur- 
ing. 

Serial sections of three rabbit kidneys were used as controls. One 
of them was the normal right kidney (kidney X), removed from a 
rabbit (Rabbit C), whose second kidney was allowed to become 
hypertrophic. The second kidney (kidney Y) was the left kidney 
taken from a normal rabbit of the same weight as Rabbit F, just 
before the latter was killed. The third kidney (kidney Z) used as 
control was the hypertrophic left kidney, taken from a rabbit after 
the ureter of the right side had been ligated. This was done to de- 
termine whether or not removal of one kidney produced the same 
degree of hypertophy as ligation of a ureter. The ureter of this rabbit 
was ligated at the same time that one kidney from rabbit F was re- 
moved. Both rabbits were killed after eighteen weeks, in order to 
allow the kidneys the same length of time for hypertrophy. 


RESULTS 


Table No. I gives the weights of the rabbits before extirpation of 
one kidney, and at the time of death. It further shows the absolute 
and relative weights of the normal and hypertrophic kidneys and 
gives the percentage increase in the relative weight of the hyper- 
trophic kidney over the normal. The control kidney Y weighing 
7-93 gm. appears to be just the upper limit for the normal weight of 
a kidney of a rabbit weighing approximately 2600 gm. Brown? and 
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his co-workers give 13.67 gm. as the normal weight of both kidneys 
in rabbits of 2638 gm. In four normal rabbits weighing approxi- 
mately 2600 gm. each, we found the weight of the left kidney to be 
6.02; 6.63; 6.91 and 7.03 gm. respectively. 


TABLE I 
A Comparison between the Weights of the Rabbits before Extirpation of one Kidney, and at 


the Time of their Deaths; the Absolute and Relative Weights of Normal and Hypertrophied 
Kidneys and the Percentage in Relative Weight of the Latter over the Normal 


Weight of rabbit | Absolite weight of | Relative weight of | Increase in 
Rabbit number 
Rt Bef After H H hypertrophic 
ore - 
operation | death Normal Normal kidneys ov 
gm. gm. gm. gm. per cent per cent per cent 
eee 410 410 2.26 2.41 -551 -588 6.7 
BSdays....0.- 520 540 2.34 2.57 -450 -476 5.8 
C 3 weeks..... 850 goo 2.62 2.9 -308 «322 4-5 
D6weeks....| 975 1235 2.59 4-43 -268 -358 33-6 
E 12weeks....| 925 1350 2.91 5-32 -304 25.5 
F 18 weeks....| 1000 2650 3.46 9.01 -346 340 —1.73 
G 28 weeks....| 1050 2825 3-28 9.28 312 -328 
Hi2months..| 950 3300 2.80 9-35 +295 —4.1 
X (Control)...} 850 2.62 
Y (Control) ...| 2650 7.93 «300 
Z (Control) 
18 weeks. ... 975 2574 8.96 she -348 


According to Table I, it seems that for twelve weeks after uni- 
lateral nephrectomy, the remaining kidney shows an absolute and 
relative increase in weight. After that interval, the relative weight 
of the kidney practically remains stationary. There are, however, 
so many variable factors, such as the different weights of the kidneys 
before operation, the different weight and size of the rabbits, that it 
is by no means permissible to draw any conclusion from this small 
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series as to the actual increase in weight of kidneys following uni- 
lateral nephrectomy, and further research along these lines is sug- 
gested. 

SIZE OF GLOMERULI 


Studying a series of slides of normal and hypertrophic kidneys, it 
is evident that there is a marked difference in size between the glo- 
meruli in the periphery of the cortex (peripheral glomeruli), and 
the glomeruli closer to the medulla (central glomeruli). This obser- 
vation has already been made by Kuelz® in kidneys of new-born 
infants. 

Normal Kidneys. Kidney X weighed 2.62 gm. (weight of rabbit 
850 gm.). Kidney Y weighed 7.93 gm. (weight of rabbit 2650 gm.). 
Table II gives an analysis of the figures and Fig. I shows the - 
figures graphically. 


TABLE II 


The Sizes of the Peripheral and Central Glomeruli of two Normal Kidneys 


Number of glomeruli 
4 Kidney X Kidney Y 
Unit of measurements of filar * 
Peripheral Central Peripheral Central 
glomeruli glomeruli glomeruli glomeruli 
4 81 238 III 
* Measurements are given in units according to the subdivision of the filar micrometer; 10 units are 
equal to 0.008 mm. 


Kidney X shows small and large glomeruli. The central glomeruli 
are definitely larger in size. Only four peripheral glomeruli measure 
81-90 units, while eighty-one central glomeruli measure over 80 
units. The peaks of Fig. I (Kidney X) are given by 185 peripheral 
glomeruli measuring 61-70 units, and 199 central glomeruli measur- 
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ing 71-80 units. Kidney Y shows similarly large and small glomeruli; 
230 peripheral glomeruli measure g1—100 units and no peripheral 
glomeruli are found which measure 100-110 units; 294 central 
glomeruli measure g1—100 units and 151 central glomeruli measure 
IOI-I10 units. 

Hypertrophic Kidneys. Table III is the analysis of the figures 
and Figs. II and III represent them graphically. The more hyper- 
trophic the kidneys, the larger are the glomeruli. The peaks of 
the figures representing the peripheral glomeruli move from 70 units 
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to 80 and to go, but then stay there. The majority of the periph- 
eral glomeruli of kidneys of twelve and twenty-eight weeks hyper- 
trophy have a diameter of go units. Of the remainder, in the more 
hypertrophic of the kidneys, most of the peripheral glomeruli are 
larger than go units; and in the less hypertrophic of the kidneys 
they are smaller. The peripheral glomeruli of the hypertrophic 
kidneys are much more uniform in size than those of the normal 
kidneys. 

The peaks of the figures showing the sizes of the central glomeruli, 
vary from 80 to 110 units, according to the degree of hypertrophy. 
In the hypertrophy of twenty-eight weeks, there is less uniformity 
in the size of the central glomeruli than of the peripheral glomeruli. 
Such a uniformity might develop after a longer period. The figures 
show further that the more hypertrophic the kidneys the greater is 
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the difference between the sizes of the peripheral and central glomer- 
uli. While, for instance, in the normal kidney the difference between 
the larger peripheral glomeruli and central glomeruli does not exceed 
10 units, the difference in hypertrophic kidneys may reach 30 units. 
Or, in other words, some of the central glomeruli in hypertrophic 
kidneys are about one-fourth larger than peripheral glomeruli. 

The difference in size between the peripheral and central glomer- 
uli has already been demonstrated in normal kidneys. It is known 
that the arteries enter the cortex from the medulla and extend from 
there toward the periphery of the cortex (interlobular arteries). 
These arteries give off at intervals the afferent vessels of the glomer- 
uli, so that the glomeruli near the medulla are supplied first and 
those at the periphery later. We assume that the central glomeruli, 
receiving the blood before the peripheral glomeruli, get a larger 
amount of filterable material, and this, because of increased work, 
is sufficient to produce a slight hypertrophy of the central glomeruli. 
Morison,° who believes that some of the glomeruli near the medulla 
are larger, states that these glomeruli are supplied by the arcuate 
arteries. In hypertrophic kidneys both the central and the periph- 
eral glomeruli are enlarged. Assuming that both types of glomer- 
uli were increased in the same ratio, the difference in the size of 
the peripheral and central glomeruli naturally would be greater 
the more hypertrophic the kidneys. 

It is known that in kidneys showing chronic glomerulonephritis a 
few glomeruli always appear normal and a few hypertrophic (Kars- 
ner °), a fact that is not explained. The hypothesis is offered that 
these glomeruli are the ones near the medulla. These being some- 
what larger normally may show a greater resistance to pathologic 
changes and therefore appear unaffected and hypertrophic. 

Comparing the size of the glomeruli of the control kidney Y and 
kidney F (both rabbits have the same weight), it is clear that the 
glomeruli of the hypertrophic kidney F are definitely larger. Of the 
peripheral glomeruli of kidney F, 344 measure 91-100 units, while 
only 230 peripheral glomeruli of Rabbit Y measure 91—100 units. 
Of the central glomeruli of kidney F, 221 measure 101-110 units as 
compared with 151 central glomeruli of the normal kidney. Control 
kidney Z (with ligation of ureter) shows essentially the same sizes of 
glomeruli as kidney F. 
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NuMBER OF GLOMERULI 


The numbers of glomeruli represent the actual number counted. 
These numbers, of course, do not indicate the absolute number of 
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glomeruli, but merely give a relative figure which may be used only 
for comparison with the number of glomeruli of the different kidneys. 

Normal Kidneys. Table IV analyzes the number of glomeruli in 
the two normal kidneys and Fig. IV gives the graphic picture. 


TABLE IV 
The Number of Glomeruli Actually Counted in Sections from the two Normal Kidneys 


Number of sections 
Number of Glomeruli * Kidney X Kidney Y 


* Sections containing less than 100 glomeruli are not registered in this chart. 


Looking at the chart it appears that both curves indicating the 
numbers of the glomeruli are essentially the same, even though the 
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weights of the rabbits and kidneys vary greatly. Kidney Y appar- 
ently shows more glomeruli, but that point will be taken up subse- 
quently. 

Hypertrophic Kidneys. Fig. V and Table V analyze the numbers 
of the glomeruli counted in hypertrophic kidneys and the chart 
shows the graphic figures of these numbers. 


TABLE V 


The Number of Glomeruli Actually Counted in Sections from six Hypertrophied Kidneys 


Number of sections 
eee Kidney B | Kidney C | Kidney D | Kidney E | Kidney F | Kidney G 

5 2 I 2 5 
Ir 10 be) 3 3 8 
II 6 16 8 16 9 
34 30 20 31 21 19 
97 38 34 16 32 45 
74 904 102 89 56 67 
13 40 62 127 131 148 


As in the case of the control rabbits, the contours of the graphic pic- 
tures, indicating the number of the glomeruli, are essentially the 
same in the various hypertrophic kidneys. There seem to be more 
glomeruli present the more hypertrophic the kidneys, as shown by 
the various peaks of the pictures. However, this is not due to an 
actual increase in the number of glomeruli, but to the fact that the 
glomeruli are much larger and some of them, therefore, are present 
and counted in two succeeding sections. The majority of the glomer- 
uli of the smaller control kidney X show a diameter of 60 and 70 
units, equal to 0.048 mm. ando.o56 mm. The sections are 0.006 mm. 
thick, and every tenth section was taken. The space between two 
sections therefore, measures 0.06 mm., indicating that the ma- 
jority of the glomeruli were counted only once in this particular 
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kidney. In hypertrophic kidneys, the glomeruli become much larger 
and some glomeruli must have been counted twice. We think that 
the essential similarity of the pictures alone indicates that there is 


— 


Number of Glomeruli. 
no absolute increase in the number of glomeruli. The control kidney 
Z (with ligation of ureter) shows essentially the same number of 
glomeruli as kidney F. 


HIsTOLoGic CHANGES OF THE GLOMERULI 


In sections of the left kidney of Rabbit A (three days’ hyper- 
trophy), the capillaries of the glomeruli are distended with red blood 
corpuscles. The glomeruli fill out almost the entire capsular space 
which shows in a few places only, a slight amount of an acidophilic 
granular material. The lining cells of the convoluted tubules show 
marked cloudy swelling. No mitoses are seen, which is contrary to 
the observations of Hinman. The blood vessels throughout are 
hyperemic, but no signs of diapedesis of red blood corpuscles are 
seen. 

Eight days after nephrectomy, the glomeruli of the remaining 
kidney are still distended with dilated capillaries and, in addition, 
contain a small amount of amorphous pigment in the loops of the 
tufts. A few red blood corpuscles are present in the capsular spaces. 
The glomeruli nearer the medulla show these changes more markedly 
than those nearer the cortex. The convoluted tubules show changes 
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} similar to those of kidney A. The vessels throughout are dilated and 
ee. filled with red blood corpuscles. There is diapedesis of red blood 
corpuscles around the vessels. 

The hypertrophic kidney of three weeks’ duration shows no dis- 
s tension of the glomeruli, and the loops show nothing unusual. The 
_— capsular space, however, contains an abundant amount of a serum 
precipitate which in some places fills out the entire subcapsular 
space. It is of interest to observe that most of the serum precipitate 
at in the capsular space is found just opposite the hilum. The precipi- 
tate appears triangular, with its apex pointing toward the hilum of 
the glomerulus. The form of the serum precipitate is very char- 


Ef / acteristic and is demonstrated in every section. These changes are 
sim found uniformly throughout the sections. The lumen of the con- 
ae voluted tubules contain a similar serum precipitate. The lining cells 


fe still show cloudy swelling of their cytoplasm, to a much less extent, 
| however, than the sections of the previous kidneys. There is no 
noticeable hyperemia. 

Sections of the kidney of six weeks’ hypertrophy and the sections 
ae of the remainder of the series show practically no changes, and apart 
from the increase in size of the glomeruli, it would be impossible 
from the histologic appearance to state that the sections were taken 
from hypertrophic kidneys. Occasionally a slight amount of serum 
precipitate is found in the capsular space of the glomeruli in the 
vicinity of the medulla. Only a few dilated and hyperemic blood 
vessels can be made out. None of the sections shows mitotic figures, 
and a very careful search shows no definite signs indicating a multi- 
plication of either glomeruli or tubules. Sections of kidney A and 
kidney H (three days’ and twelve months’ hypertrophy respectively) 


a contain no fat and show no increase in connective tissue. It may be 
* especially emphasized that hypertrophic kidneys of twelve months’ 
7: duration do not show fat either in the glomeruli or in the convoluted 
if tubules. Textbooks (Kaufman,’ Aschoff ') repeatedly state that the 
fat content of apparently normal or hypertrophic tubules and glo- 
ni meruli in kidneys showing nephrosclerosis of the arteriolar variety 
fe is due to the overwork of these areas. The fact that hypertrophic 
= kidneys of twelve months’ duration show no fat at all seems to 
| indicate that the fat content of such areas is not due to overwork 
alone. 
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SUMMARY AND CONCLUSIONS 


The glomeruli of kidneys of normal rabbits are larger in the vicin- 
ity of the medulla than in the peripheral portion of the cortex. In 
hypertrophic kidneys the majority of the glomeruli are enlarged and 
the differences in size between the glomeruli of the peripheral and 
central portions of the cortex appear greater. No signs of new for- 
mation of glomeruli or tubules in young rabbits are seen. The en- 
largement of kidneys of rabbits in experimental hypertrophy is due 
in part to a hypertrophy of the glomeruli without an increase in the 
number of the glomeruli. No attempt was made to measure the 
tubules in hypertrophic kidneys. The hypertrophy of a kidney 
which followed the ligation of the ureter of the other kidney was no 
greater than that of the unilaterally nephrectomized animals. Dur- 
ing the first three weeks of hypertrophy, the kidneys show, first, a 
hyperemia of the capillaries and, later on, a marked cloudy swelling 
which probably reaches its maximum about three weeks after uni- 
lateral kidney extirpation. Later on, the changes disappear and the 
hypertrophic kidneys show no degenerative changes. Hypertrophic 
kidneys show no traces of fat. 


I am deeply indebted to Dr. Howard T. Karsner for the accompanying pho- 
tomicrographs and also for his valuable suggestions. 
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DESCRIPTION OF PLATE 


PLATE 98 
Fic 1. The characteristic shape of the serum precipitate in the capsular space 
of the glomeruli in kidneys three weeks after unilateral nephrectomy. 
Fic 2. Peripheral glomeruli in kidneys eighteen weeks after unilateral ne- 
phrectomy. 


Fic. 3. Central glomeruli in kidneys eighteen weeks after unilateral ne- 
phrectomy. 
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THE SYMPATHICOTROPIC CELLS OF THE OVARY AND TESTIS * 


Dorsey BRANNAN, M.D. 


(From the William H. Singer Memorial Research Laboratory and the Allegheny 
General Hospital, Pittsburgh, Pa.) 


During the course of the routine microscopic examination of 
ovaries removed at operation, certain groups of large cells morpho- 
logically resembling chromaffin cells, associated with the non-medu- 
lated nerves, were observed in the hilum of an ovary. Stimulated 
by the finding of a supposedly unusual structure in this site, careful 
examination was made of all the ovaries sent to the laboratory during 
the following two years, and approximately twenty-five examples of 
these cells occurring in one or both ovaries were found. About two 
hundred specimens of ovaries, singly and in pairs, were studied. 
Most of the material came from young women with pelvic inflam- 
matory diseases. Several of the ovaries were essentially normal. 
Some were obtained at necropsy. The material came from indi- 
viduals ranging in age from a few weeks to sixty years. To insure a 
constant method of examination of the ovary, sections were cut at 
right angles to the long axis, and as much of the mesovarium in- 
cluded as was free from trauma. The tissues were fixed in Zenker’s 
fluid and stained with eosin and methylene blue. 

Later, the region of the hilum of the testis was examined in a num- 
ber of instances, and in six specimens similar cells were found. All 
the testicular material came from adults, and with one exception was 
obtained at necropsy. 


LITERATURE 


Few papers dealing with these cells are found in the literature. 
They have been variously named “ chromaffin cells,’’ “cellules pheo- 
chromes,”’ “‘glande sympathicotrope,” “interstitial gland cells,” etc. 
No extensive studies of these cells have been published in English, 
although Lewin * reported his observations in two individuals. By 
far the most comprehensive paper concerning these cells in adults 
was written by Berger? in 1923. Other articles may have been 
written and not found on account of the varied terminology. For 


* Received for publication April 5, 1927. 
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reasons which will be brought out in the discussion of this paper, 
the writer will hereafter refer to the groups of cells under consider- 
ation as the sympathicotropic cells. 

Bucura ‘ in 1907, appears to have been the first to describe these 
cells and to illustrate them. He regarded them as chromaffin cells, 
primarily on a morphologic basis. He found the cells in the ovarian 
hilum of a woman 55 years old, whose ovaries had been removed as 
a therapeutic measure for osteomalacia. The cells were associated 
with the large nerves and vessels. He described unipolar ganglion 
cells among the large cells which he called “chromaffin cells.” 

Berger’s elaborate paper was published in 1923 and deals mainly 
with the cells as found in adults, to which the name “glande sympa- 
thicotrope”’ was applied. He reported numerous instances, including 
several from pregnant women. He found these cells in the ovaries of 
one woman 8o years of age. It seems that his terminology is based 
upon the close relationship of these large cells with the sympathetic 
nerves. Berger found his “glande sympathicotrope” not always 
within or near the nerve sheaths, but at times somewhat removed 
therefrom, and occasionally lying in the ovarian stroma, yet near 
the hilum. By special technic, he found the chromaffin, argentaffin 
and sideraffin reactions invariably negative, but fat or lipoid globules 
were generally present. He described and illustrated coarse gran- 
ules, pigments and crystals in the cytoplasm. Berger did not regard 
the cells as chromaffin foci as Bucura and de Winiwarter,’”™ had, 
and even questioned the occurrence of the ganglion cells which 
Bucura described. 

Schafer * in his text merely mentions these cells as occurring in 
the mesovarium, and names them “‘interstitial cells” recalling the 
interstitial cells of the testis. Lewin,* who has recently reported the 
same cells in the ovaries of two elderly women, calls them “inter- 
stitial gland cells” apparently after Schafer. Lewin found lipoid 
pigments in the cytoplasm and intimated a rather fantastic réle for 
the cells. 

Turning to the works of others, especially those of Aschoff,’ de 
Winiwarter and Kohn,’ one finds strong evidence for the chromaffin 
nature of these nests of cells occurring in the ovarian and testicular | 
hila. In 1903, both Aschoff and Kohn published long papers de- 
scribing chromaffin cells in the testes and ovaries of fetuses and in 
the new-born. de Winiwarter’s work in 1910 confirmed that of 
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Aschoff and Kohn. de Winiwarter introduced the term “cellules 
pheochromes.” There seems little doubt from the embryologic re- 
searches of these authors, that the chromaffin tissue, after separating 
from the sympathico-chromaffin anlage, may come into close prox- 
imity to the Wolffian body and may even be incorporated with it. 
Later, as development proceeds, the relationship to the parodphoron 
and paradidymis may become very close. When the gonads descend 
from their site of origin into the pelvis or scrotum, the enmeshed 
chromaffin cells, along with the other structures, may be carried 
downward and come to rest in new positions. Zuckerkandl,” as well 
as Aschoff and Kohn, has shown that chromaffin cells may be so de- 
posited in fetuses and in the new-born as to occur along the courses 
of the ureters, in the broad ligaments, in the retroperitoneal tissue, 
in the prostate glands and elsewhere. Rielinder’ in several in- 
stances found chromaffin cells in relation to the parodphoron of 
fetuses and the new-born. Soulié,’ in his extensive researches on the 
development of the suprarenal glands, pointed out the possibility of 
the occurrence of isolated or accessory chromaffin bodies. The 
chromaffin reaction of the cells in fetuses and in the new-born has 
been positive, in contrast to the negative results obtained by Berger 
in adult tissues. de Winiwarter has emphasized the close association 
of these cells with the sympathetic or non-medullated nerves of the 
ovaries of embryos and fetuses, a condition similar to that found in 
adults. 


OBSERVATIONS ON THE CELLS OCCURRING IN THE OVARIES 


The observations of the writer have been primarily concerned 
with the cells under discussion as found in the ovaries of adults. 
Seldom were the sympathicotropic cells found in both ovaries. In 
no instance could one detect the groups or clusters of cells with the 
naked eye. These foci are almost always in the hila of the ovaries, 
lying high up in the mesovarium but generally outside of the ovarian 
tissue proper. Occasionally, large and small groups of the cells are 
found in the ovarian cortex or medulla, but in such instances they 
are very near the hilum. The groups of cells frequently seem to be 
more numerous near the poles of the ovaries, but are found through- 
out the entire hilum. 

The relation to the large or small non-medullated nerves of the 
ovarian hilum is a very constant and rather characteristic feature. 
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Frequently, one finds only a few cells in a given ovary and these 
perhaps are within a nerve sheath. In another instance, sufficient 
cells are seen within the nerve to cause a separation of its fibers and 
a fusiform enlargement of the nerve. In the same ovary, or even in 
the same section, the cells may be found surrounding the nerve very 
much as a mantle of wandering cells. Still other sections reveal 
groups of cells just touching or near a nerve, while occasionally large 
groups of these cells are quite removed from the nerves. In some 
specimens the cells are scattered along the course of the nerve, and 
at times sprinkled loosely among the nerve fibers. It is difficult to 
demonstrate any close relationship between the nerves and the group 
of cells occasionally seen in the ovarian tissue proper. One observes 
no genetic relationship with the nerves or their sheaths, other than 
their close association with the nerves. 

The sympathicotropic cell groups show a more than casual asso- 
ciation with the lymphatics and blood vessels. In many instances 
the cell masses lie along the lymphatics and are separated from them 
only by endothelium. The lymphatic vessels about the larger cell 
clusters are frequently abundant and the larger clusters of cells are 
well supplied with small blood vessels. 

There does not appear to be a close association between the cell 
masses and the rudimentary tubules of the ovarian hila, as described 
by others, particularly in embryologic and fetal material. The cells 
are never found in the broad ligaments, mesosalpinx or parametrium, 
yet chromaffin cells have been frequently observed in the broad liga- 
ments of fetuses by others. 

The groups and clusters of cells, whether inside or outside the 
nerves, are generally closely packed. Those outside the nerves lie 
freely in the loose connective tissue of the mesovarium. A limiting 
membrane about the masses of cells is absent. At times the more 
peripheral cells of a cluster are somewhat separated from the main 
mass, but this is not a common feature. Very often the large groups 
of cells are just under the serosa covering the mesovarium. 

The sympathicotropic cells are large polyhedral, round or oval 
cells with a relatively pale. but definitely acidophilic cytoplasm. 
They range in size from 15 to 25 microns, averaging about 20 
microns. The cells resemble epithelial cells. The nuclei are large, 
spherical and vesicular, containing one or more nucleoli with but 
little chromatin. Some cells contain two nucleoli. The depth of 
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staining of the cytoplasm appears to depend largely upon the fat 
content of the cells. In the cells containing much fat the vacuolated 
cytoplasm takes very little eosin, while other cells, but generally in 
a different ovary, have a deeper stain and fewer fat vacuoles. The 
cell membranes are clearly defined and delicate in properly pre- 
served and fresh material. Among these groups of cells one very 
often finds scattered eosinophilic and mast cells, the significance of 
which is obscure. 

In certain cells of a cluster, and very often in most of the cells of 
a given group, one may distinguish a few small and irregular pigment 
granules, brownish in color and frequently very dark. In some 
preparations one finds crystals in the cells. The crystals vary a great 
deal in size, some being short and others long, but they are generally 
broad with blunt ends and take the eosin stain. Very often the 
crystals present a clear streak or cleft running along the longitudinal 
axis, while a few others present sharp and ragged ends. In a few of 
the cells that contain one, two or more large crystals, the nuclei have 
become shriveled and pushed to one side. The exact nature of the 
crystals and granules is not known. The writer did not find these 
intracellular structures to be as numerous as the literature might 
lead one to believe, for many clusters of cells did not contain a single 
crystal. 

The cells, at first glance, present a superficial resemblance to 
lutein cells, and certain persons viewing them have made this com- 
ment. They present a certain morphologic resemblance to chro- 
maffin cells, and the close association with the non-medullated 
nerves, as well as the data obtained from embryologic, foetal and 
new-born material, strengthens this assumption. On the other 
hand, not a single ganglion cell is observed among the clusters of 
cells of the various sections. 

The morphologic appearance of the cells is the same in all speci- 
mens examined, whether the ovaries were those of an infant, a young 
- adult or an aged woman. One of the largest collections of cells found 
was in an ovary of a woman 60 years of age. 

Because of the similarity of the sympathicotropic cells to chro- 
maffin cells, and because of the embryologic grounds which favor 
the possible occurrence of chromaffin cells in the ovary, an effort was 
made to study the chromaphil and argentophil reactions. In this 
connection it is well to emphasize the technical difficulties involved. 
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One could not see the clusters of cells in the fresh tissue and conse- 
quently it was an exceedingly difficult task to locate proper material 
for special technic. The occurrence of these cells is by no means 
constant. By laborious searches, thin pieces from six different ovar- 
ies were secured and tested for their chromaphil reaction. This 
tissue was fixed from six to twelve hours in a five per cent solution 
of sodium bichromate and five per cent formalin. This solution was 
then drained off and the tissue preserved twelve to eighteen hours in 
a five or ten per cent solution of formalin. Frozen sections were made 
of this fixed tissue, and counterstained with a weak solution of 
carbol thionin. Control tissue was obtained from the suprarenal 
glands of rabbits and guinea pigs. In every instance the medulla 
of the suprarenal glands is stained yellowish or brown, while the 
groups of large cells of the ovarian hila are unaffected by the chromic 
salts. 

The ovarian sections from the same tissues used in the above ex- 
periments were treated with fat stains, particularly Scarlet red, and 
Sudan III. In every instance the majority of the cells contain fat, 
varying in amount from a single small globule to complete infiltra- 
tion. It is impossible to be certain regarding the staining reactions 
of the pigments, but it is probable that they are liprochomes. 

Considerable material was used in the chromaphil tests, and little 
was available for the argentophil tests. Here again the results were 
negative. The siderophil reaction was not tried. 


PATHOLOGIC AND OTHER CHANGES DURING PREGNANCY 


Six pairs of ovaries from pregnant women were examined, and in 
four cases the cells were found. Four of the individuals died as a 
result of a toxemia of pregnancy, and all were in the first few months 
of gestation. In the four cases, fat vacuoles are seen very infre- 
quently. The cytoplasm of the cells takes a very deep eosin stain. 
In three of the cases this is the only change observed, but in one in- 
stance the cells appear to have undergone a marked hyperplasia and 
hypertrophy. In this case, the clusters of cells are unusually large 
and numerous and a single group of cells fills the low power field. 
They are only observed in the ovary opposite the one containing 
the true corpus luteum and the close relationship they bear with the 
non-medullated nerves as well as the numerous and large lymphatics 
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about certain of the masses of cells are striking features. An occa- 
sional collection of these cells is found within the ovarian stroma. 
The abundance of the cells, as compared with the previous speci- 
mens studied, suggests that the increase is due to hyperplasia. Many 
of the cells are very large, in fact a third to a half larger than those 
found under ordinary circumstances, probably due to hypertrophy. 
The irregular granules mentioned above are seen in only a few of the 
cells, but crystals are absent. Most of the nuclei are vesicular. 
Crystals were not observed in any of the specimens from pregnant 
women; however, they were not constant during the non-gravid 
state. 

It is also of interest to note certain other pathologic changes in the 
sympathicotropic cells of this individual. The woman died from 
pernicious vomiting in the third month of pregnancy and the corpus 
luteum was found to have undergone coagulation necrosis. This 
phase of the case has been reported by Brannan and Cohen.* The 
cells in question were not mentioned by them, but reserved for 
this paper. The illustrations show numerous pyknotic and a few 
shriveled nuclei (Figs. 8 to 12). Other cells present granular disin- 
tegration of their cytoplasm, and adjacent areas show a complete 
loss of cells, no doubt the result of necrosis. Apparently some of 
the sympathicotropic cells have undergone degenerative changes 
and necrosis as did the cells of the corpus luteum. Leucocytes and 
wandering cells, however, are not observed, but they are not numer- 
ous in the necrotic corpus luteum of the opposite ovary. 

In this connection, it is perhaps well to mention that the well 
known interstitial cells of the ovary, occurring about the atretic 
follicles during pregnancy, were found in both ovaries of this indi- 
vidual, as well as in the ovaries of two of the other cases of preg- 
nancy showing sympathicotropic cells. The staining reactions of 
the two groups of cells are somewhat similar, but otherwise the cells 
are quite different in size, position and other characteristics. No 
confusion in differentiation should arise between the two sets of 
cells, especially when they can be observed in the same section. 


* Brannan, D., and Cohen, M. Necrosis of corpus luteum of pregnancy. Surg. 
Gynec. Obst., 1926, xlii, 228. 
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OBSERVATIONS ON THE CELLS OCCURRING IN THE TESTES 


Undoubtedly, the same cells occur in the hila of the testicles of 
adults. The testicular material, however, was not abundant and 
was limited to six positive specimens. The cells occur in or about 
the non-medullated nerves of the testicular hilum, particularly near 
the epididymis. In none of the six testicles are the cells especially 
numerous, usually not more than twenty-five to thirty cells being 
seen in any section. In morphology, they are identical with the cells 
described in the ovaries, though granules and crystals are not seen. 
None of this tissue was subjected to special technic, because of the 
accidental nature of the findings. 

Since the testicular hilum includes so much loose tissue, it was 
very difficult to examine it all, and it was probable that many groups 
of these cells were not found. 


DIscussION 


There is a question as to the exact nature of the cells described. 
The close association of the groups of cells with the non-medullated 
nerves of the ovarian and testicular hila was pointed out particu- 
larly by Berger. Berger called the cells “glande sympathicotrope” 
and regarded them as being homologous with the interstitial cells 
of the testis. He believed the cells arose from the nerve sheaths. 
Bucura considered them as chromaffin cells. Lewin called them 
‘interstitial gland cells.” de Winiwarter believed his “cellules 
pheochromes”’ of fetuses and embryos were the same as Berger’s 
“‘glande sympathicotrope.” 

It is clear that the cell groups are not accessory chromaffin bodies, 
since the chromaphil, argentaphil and sideraphil reactions are nega- 
tive. The three reactions were tested by Berger and the first two by 
the writer. 

From a study of fetal and embryologic material, there are good 
reasons for expecting chromaffin cells in the ovaries and testes of 
adults, particularly in relation to the nerves. On the other hand, 
it is well known that chromaffin tissue undergoes regressive changes 
shortly after birth, and the common occurrence of this tissue in intra- 
uterine life is no assurance of its persistence in later years. The rela- 
tionship with the non-medullated nerves is a strong point in favor 
of their chromaffin nature; but not in a single instance, aside from 
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the observation of Bucura, have ganglion cells been found. From a 
morphologic point of view they have certain features of chromaffin 
cells, but as pointed out above, they lack the biologic properties of 
chromaffin cells in adult tissues. Either Aschoff, Kohn, de Wini- 
warter and Rielander were discussing entirely different cells, or the 
cells in question were chromaffin cells which in adults have lost their 
chrome-affinity, sidero-affinity and argento-affinity. Such a sugges- 
tion is obviously unsound, yet de Winiwarter conceives this idea in 
order to harmonize his views with those of Berger. Berger, later, 
refuses to accept de Winiwarter’s ideas: hence the matter stands, 
at present, unsolved. The cells appear to be epithelial in nature. 

Whatever the identity of this group of cells may be, it is unfortu- 
nate that the term “interstitial cells” or “interstitial gland cells” 
should be applied to them. Interstitial cells of the testes and ovaries 
are well known, and refer to different cells in each organ. Certainly 
a similar term should not be applied to another group of cells in the 
gonads. Since Berger has proposed the new and distinctive term of 
“cellules” or ‘‘glande sympathicotrope” as a result of the close 
association or affinity of the cells with the non-medullated or sympa- 
thetic nerves, it is only fair that we retain his distinctive terminol- 
ogy. There is nothing confusing about his terminology which may 
be translated as sympathicotropic gland or cells. The word cells is 
more exact than gland, because in many instances only a very few 
cells were found, and furthermore, there was practically no sugges- 
tion of a glandular structure, even in the largest clusters of the cells. 

The occurrence of the sympathicotropic cells is not a constant 
finding in either the ovary or testicle. They may be found in the 
ovaries of the new-born, throughout childhood, during adult life and 
in old age, and probably also in the testes of the young as well as in 
the testes of the old. This group of cells is obviously the same in 
both the ovaries and testes. The inconstant occurrence of these cells 
in the gonads is very suggestive of some variable structure, like 
chromaffin or cortical adrenal rests found elsewhere. When present, 
however, they should be regarded as essentially normal structures. 
They have nothing to do with cortical adrenal rests. Berger be- 
lieves that the cells arise from the nerve sheaths, but this is unproved 
and questionable. 

So far as the function of the sympathicotropic cells is concerned, 
we are totally ignorant. From the close association with the lymph 
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i oa vessels, one might expect an outpouring of some secretion into these 
a vessels. Pregnancy has some influence on the cells as was shown by 
- a change in their staining reaction, loss of fat and occasional hyper- 
. # : plasia and hypertrophy. The writer cannot subscribe to Lewin’s 
* ideas regarding function, and the cells have nothing to do with senile 
psychosis. 


A few points are recorded concerning the histopathology of the 
cells when occurring in a case of pernicious vomiting showing necro- 
sis of the corpus luteum. It is well to regard the hyperplasia and 
hypertrophy during gestation as a pathologic change, since it is not 
a constant feature. Berger also found an overgrowth of the sympa- 
thicotropic cells in some of the ovaries of pregnant women. It is 
possible that tumors may arise from these cells, particularly in the 
ovaries. 

It is to be hoped that others will search for these elements in the 
gonads, so that before long we may have a better understanding of 
this obscure group of cells. 
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DESCRIPTION OF PLATES 


PLATE 99 


Fic. 1. A camera lucida drawing of the sympathicotropic cells of an ovarian 
hilum, showing morphology; observe the granules and crystals. 

Fic 2. A camera lucida drawing of sympathicotropic cells as found in the 
ovarian hilum of a new-born child. Note the close relationship of the cells 
with the non-medullated nerve below, and also the cell lying in the center 
of the nerve. An arteriole and a vein are conspicuous. 

Fic. 3. A camera lucida drawing of the sympathicotropic cells occurring in the 
hilum of a testicle. The edge of the non-medullated nerve is shown above, 
in and about which the cells are found. Note the two small vessels sup- 
plying the cells. 


PLATE 100 


Fics. 4 and 5. Two groups of sympathicotropic cells from the same ovarian 
hilum. In Fig. 5 a small non-medullated nerve courses through the cluster 
of cells. Note also in Fig. 4, the proximity of the lymphatic vessels at the 
periphery, and the blood vessels. 


PLATE I01 


Fic. 6. A small group of sympathicotropic cells in an ovarian hilum near a 
non-medullated nerve. The lymphatic and blood vessels are conspicuous. 

Fic. 7. Another patch of sympathicotropic cells from an ovarian hilum lying 
in denser tissue but along the side of a nerve. 


PLATE 102 


Fics. 8 and 9. Large hyperplastic masses of sympathicotropic cells in the 
ovarian hilum from the case of pernicious vomiting of pregnancy. Note 
the deeper staining of the cells which occurs during pregnancy, as com- 
pared with the normal cells of the non-gravid state shown in previous illus- 
trations. The numerous pyknotic nuclei are to be regarded as pathologic. 
In Fig. 8 there is a small nerve in cross-section at upper border of the group 
of cells. In both figures the cells are just under the peritoneal covering of 
the mesovarium. In Fig. 9 are also several vessels in the midst of the cell 
clusters and a large lymphatic running perpendicularly. 


PLATE 103 


Fic. 10. A high power magnification of the same cells from another area but 
from the same case of pernicious vomiting of pregnancy. There are several 
pyknotic nuclei and disintegrating cells, particularly in the center. 

Fic. rr. A field similar to Fig. 10. Here one can see a few granules in the cells, 
and one large hypertrophied cell which contains granules. There is also one 
polymorphonuclear leucocyte near the large cell. 

Fic. 12. Same as Figs. 10 and 11 but showing more degenerative changes. 
Another leucocyte is shown. The edge of a small nerve is shown above and 
to the right. 
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SYNOVIOMATA * 


LAWRENCE W. Suita, M.D. 
(From the Department of Pathology, Haryard Medical School, Boston, Mass.) 


During the past few years there have accumulated in the patho- 
logical collection of the Harvard Medical School and the Peter Bent 
Brigham Hospital three rather unusual tumors, having too many 
points in common, both clinically and histologically, to be regarded 
as coincidental. In a fairly thorough search of the current medical 
literature of the past two decades, I have been able to find very few 
articles referring to similar tumors. For this reason, it is worth 
while calling attention to the existence of such a type of tumor. 
That I lay myself open to criticism in defending my thesis is ap- 
parent, but it is only by such wholesome difference of opinion that 
controversial points can be conclusively and ultimately settled. 

The nomenclature which has been suggested in the title is a de- 
parture from the time-honored embryologic custom of designating 
a tumor by the type cell from which it is derived; and yet, such a 
term indicates obviously the tumor’s origin, and conceivably offers 
a loophole of escape when the embryologic etiology is debatable, as 
in this case. Perhaps, and more correctly, one should use the term 
mesothelioma in this connection, for, like other serous cavities, the 
lining cells of the joint cavities and of the bursae are considered by 
most embryologists to be of mesothelial origin; or perhaps it would 
be more logical to utilize the much over-worked term endothelioma, 
and create an additional subdivision of that vast group of tumors of 
uncertain origin which are already included under that heading. It 
has seemed best, however, to classify this group with a name by 
which they may be easily identified, and which can readily be found 
in any published index. That there is a precedent for such a no- 
menclature is seen in the naming of other special types of tumors 
such as the hypernephroma, the meningioma and others. 


CasE REPORTS 


CasE No. 1. (P. B. B. H., Pathologic Report No. S-21-613.) 
Gross specimen consists of three fragments of tissue, each measur- 
ing about 1 cm. in diameter, removed from the inner aspect of the 
* Received for publication April 16, 1927. 
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thigh, apparently originating in relation to the fascia of Hunter’s 
canal. 

Microscopic examination: Sections stained with eosin and methy- 
lene blue, and phosphotungstic acid hematoxylin show an apparently 
definitely encapsulated tumor. This tumor is characterized by 
spaces in the form of anastamosing clefts lined in most instances by 
low cuboidal epithelial-like cells, and separated by compact cords of 
spindle-shaped cells which, in characteristic portions, seem to be 
devoid of intercellular substance and fibrils. There are mitotic 
figures in both types of cells, those lining the spaces and those com- 
posing the solid structure of the tumor. The cells lining the clefts 
in the preparation stained with phosphotungstic acid hematoxylin 
show a very delicate cuticular border, most evident in the form of 
terminal bars. Nevertheless, the impression is strong that these two 
types of cells have an identical origin. Parts of the tumor contain- 
ing a small amount of fibrous tissue probably represent a stroma 
growth. Some of the clefts are dilated, filled with debris and choles- 
terin crystals. In some sections the intercellular substance is com- 
posed of a hyaline homogeneous material evidently derived from the 
connective tissue accompanying the growth. In cross-section this 
material is usually circular, in longitudinal section, elongated, giving 
rise to the appearance described in so-called “cylindromas.” 

It is impossible to assign a definite source to this growth. It agrees 
with the description of some endotheliomas, particularly the so- 
called inter-fascial endotheliomas. Dr. Wolbach has expressed the 
opinion that the tumor probably represents the type of cell lining 
tendon sheaths and bursae. 

Subsequent history: Patient died about six months later, pre- 
sumably of pulmonary metastases. 


CasE No. 2. (P. B. B. H., Surgical Report No. 15615) (Pathologic 
Report No. S-21-813). 


Abstract of clinical history: The patient is a well developed and nourished 
Jewess of 24 years, with a negative family and previous history. She complains 
of sharp, shooting pains radiating from the upper left thigh down the inner 
aspect of the leg to the ankle, and a mass in the upper and inner aspect of the 
thigh. The onset of the pain was rather insidious, beginning eight months ago. 
Three months before admission, the patient’s sister noticed a mass in the upper 
left groin which has not appreciably increased in size. 

Physical Examination: Negative except for an ill-defined, non-tender, hard 
mass 8 to 13 cm. in diameter, which extends just above Poupart’s ligament and 
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curves downward and inward over the left thigh. On rectal examination, a 
round, hard, non-tender mass can be palpated which invaginates the rectal wall 
on the left side, and is apparently connected with the mass in the thigh. 

X-ray Examination, November 21: Films of the pelvis and upper two-thirds 
of the femur, and the shaft of the left femur show no evidence of bone involve- 
ment. 

Laboratory Examinations: Blood Wassermann; positive. On December 7, 
the patient was shown to members of the society of Clinical Surgery by Dr. 
Harvey Cushing, as a probable case of a semibenign growth of the nature of the 
desmoid tumors of Nélaton, although he was aware that such tumors are usually 
found in the abdominal wall. 

Operation Report: Dr. Harvey Cushing, December 7. ‘‘Surface of tumor 
completely covered by the adducter group; the fibers split until the suriace of 
what was evidently an enucleable, well encapsulated growth encountered. Sur- 
face was vascular and so elastic as to give impression of abscess or cyst. Growth 
large as two fists, many layers and bands of tissue over it. Tumor itself not 
vascular; contained many small cysts.” 


Pathologic report: The tumor is an unusual one, composed of 
spindle cells grouped in anastamosing cords and separated by 
endothelial-lined clefts. This is the typical arrangement of the 
tumor although large areas are seen where the growth is compact 
but in which new vascular channels although compressed can be 
made out. There are some areas where the tissue is compact and 
contains a small amount of collagen which is probably derived from 
an ingrowth of connective tissue cells. Mitotic figures are fairly 
numerous. 

ComMENT: The tumor is one on which absolute classification re- 
mains suspended. The general arrangement is not wholly incom- 
patible with a tumor of connective tissue origin, but the absence of 
fibrils and intracellular substance is against this diagnosis. There 
are similar tumors described as endotheliomas, and their origin at- 
tributed to fascia. The intimate relation of cell columns to en- 
dothelial-lined blood-containing spaces supports the diagnosis of 
endothelioma. Similar arrangements of tumor cells are found in 
solid tumors of the ovary, and it must be borne in mind that solid 
tumors of the ovary, regarded as epithelial in origin, are often com- 
posed of spindle-shaped cells. The possibility of the tumor origi- 
nating in the pelvis from ovarian tissue must be borne in mind. 


May 21,1923. Interval history: Patient was well for two months after leaving 
the hospital, when she again began to have occasional sharp shooting pains in 
the left thigh. These have increased in frequency and severity during the past 
ten months. 


- ued. She noticed a small non-tender lump in left groin, but did not mention 
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August, 1923. Wassermann; positive. She was given 8 treatments with 
mercury succininide intramuscularly; however, the pain in the left leg contin- 


it at this time. 

December, 1923. During the past few weeks the pain has extended down the 
leg to the ankle, with a drawing sensation in the groin. Appetite is good and 
there is no loss in weight. On physical examination, the outer aspect of the scar 
is tender. Palpation of the rectum reveals an elongated sharp-edged mass just 
outside the sphincter on the left side which feels adherent to the ascending ramus 
of the ischium and is slightly tender. A small mass is palpable in the right 
axilla. 

X-ray Examination: A film of the patient shows a defect involving the 
ascending ramus of the ischium and descending ramus of the pubis, with several 
silver clips in position around this area. Bones elsewhere are normal. 

June 8, 1924. The glands in the groin were excised because of recurrence. 


Gross specimen: Circumscribed nodule 3 by 3 by 2 cm., sur- 
rounded by a thin fibrous capsule. It appears to be involved by 
tumor. 

Microscopic examination: Dr. Hansman, “The nodule con- 
sists of a dense, rich, cellular tumor, made up of spindle cells with 
well defined nuclei, but a cell membrane is rarely seen. A few primi- 
tive blood vessels are seen as spaces lined by a single layer of endo- 
thelium, and containing red blood cells, lymphocytes and a few 
eosinophiles. There are numerous mitotic figures. The structure is 
identical with the first specimen.”’ 


March 16, 1925. Interval history: Patient remained entirely free from symp- 
toms for two months, returning to the out-patient department for X-ray treat- 
ment every three weeks. In July she went to Omaha, and remained there six 
weeks. She had a recurrence of the same pain, two or three times a day, lasting 
five minutes. The left leg was slightly swollen, and she could feel several small 
lumps in her back just to the left and below the sacrum. Since that time she 
has had fairly intensive X-ray treatment, with intermittent relief of severe symp- 
toms but persistence of transient symptoms. She was again seen in consulta- 
tion by Drs. Cushing, Homans, and Sosman, all of whom advised strongly 
against further operative treatment and urged that X-ray therapy be given to 
the limit. At this time there was a large, firm, rounded mass to the left of the 
rectum extending from the symphysis to the sacrum, marked induration, 
discoloration and tenderness of the left labium majus and a small lump in the 


groin. 


Through the courtesy of her attending physician, Dr. Thomas W. 
Leavitt, the subsequent history was obtained. She improved tem- 
porarily under intensive X-ray treatment but, after about two 
months had a further recurrence and progressively failed, dying of 
pulmonary metastases. 


‘ 

a 

| 


SYNOVIOMATA 359 


CasE No. 3. (Pathologic Reports Nos. H—-24-30, H—25—296.) 
This case is presented through the courtesy of the attending sur- 
geon, Dr. James S. Stone. 


Clinical history: The patient was a man 35 years of age, who had a swelling 
on the inside of the knee for about five months before admission to the hospital. 
This appeared to be under the vastus internus muscle, suggesting an origin from 
the synovial membrane. It did not appear to be connected with the bone. 
It was semifluctuant in places, but for the most part was fairly solid in con- 
sistence. The first operation consisted of an excision of the tumor mass with the 
surrounding tissues. The patient remained fairly well for a number of months, 
when a recurrence of the lesion was noted. He was treated by X-ray and radium 
for a period, without marked improvement. Fifteen months following the 
original operation, the leg was amputated 15 cm. above the knee joint. No 
nodes were palpable in the groin at this time. He showed, however, at the time 
of operation, definite metastases in the lung by X-ray, and proceeded to fail 
slowly during the next five months, dying two and a half years after the first 
appearance of the lesion. 


Pathologic report: 1: The original specimen consisted of a tumor 
mass measuring 8 by 6 by 3 cm., with considerable thickened 
synovial membrane and fascia attached. The tumor at one point 
contained a hard calcified irregularly outlined mass 3 cm. in its 
greatest extent. On section the tumor had a fairly well defined cap- 
sule which was extremely thickened. Centrally there were several 
foci of hemorrhage and necrosis, and cystic areas lined by smooth 
glistening walls. There was no gross evidence of invasion of this 
thickened synovial capsule. 

Microscopic examination: Slides show a rapidly growing tumor 
with many mitoses. There is histologic evidence of infiltration of 
the capsule and the surrounding stroma. It is an unusual type of 
tumor microscopically, as the cells show a dual differentiation; some 
of them apparently forming synovial membrane, and resembling 
endothelial or almost epithelial cells, while the stroma is composed 
of the connective tissue type of cell. An exact diagnosis is not easily 
made, but a tentative one of mesothelioma or endothelioma is sug- 
gested. In view of the results in the other two similar cases which 
we have on record, the prognosis is presumably poor. Probably 
metastases have already occurred and for that reason amputation 
seems futile. Intensive radiation would seem to be the most logical 
form of treatment.* 


* Personal communications. The sections were submitted to a number of patholo- 
gists and no absolute concurrence in diagnosis was made. Drs. J. Homer Wright and 
James Ewing made a tentative diagnosis of endothelioma. Dr. F. B. Mallory was in- 
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Pathologic report: If: The specimen consists of a leg amputated 
15 cm. above the knee joint. The knee is swollen for some dis- 
tance both above and below the patella, and in addition there is 
a definite tumor nodule on the lateral aspect of the knee just above 
the patella, which measures 4 to 6 cm. in diameter, and is elevated 
2.5cm. above the general surface. This has practically broken 
through the skin in one or two places. It is discolored by hemorrhage 
and necrosis. Two other smaller subcutaneous nodules are noted 
around the patella, the larger of these measuring 1 cm. in diameter, 
and being slightly elevated. The specimen is split longitudinally 
through the knee joint. The entire joint cavity is filled with tumor 
tissue which has infiltrated the patella, the tibia and the femur so 
that these bones around the knee joint can readily be cut with a 
heavy knife. The tumor is made up of very soft grayish friable tissue 
which grossly has no very definite structure or stroma. It is com- 
paratively avascular. It is not unlike the appearance of a lymphoid 
or a neuroblastic round cell sarcoma in its consistence, but does not 
resemble it in other respects. The tumor involves the surrounding 
structures, including the fascia, muscles and subcutaneous fat. It 
has caused intense pressure on the sciatic nerve, which presumably 
accounts for the clinical pain. 

Microscopic examination: Further histologic sections of the spec- 
imen present essentially the same characteristics as noted in the 
earlier specimen except that the spindle form of the cells is more uni- 
formly present. Numerous mitoses and occasionally multiple mi- 
toses are encountered. It suggests a very rapidly growing sarcoma, 
probably of synovial membrane origin. 


DIscussION 


In reviewing the literature, two papers of particular value in re- 
spect to this group of tumors have appeared in the past few years; 
a brief discussion of the classification of the tumors of the knee joint 
by Ziillig,’* and a review of the reported cases up to 1923 by Faccini.® 


clined to think that it was a fibrosarcoma with an inflammatory hyperplasia of the 
synovial membrane attempting to wall off the tumor, and felt that the prognosis was 
dependent on its connective tissue metastatic character. Dr. S. B. Wolbach concurred 
more definitely with me in the feeling that the tumor presumably arose from the 
synovial membrane, as both Wright and Ewing tacitly imply by their diagnosis of 
endothelioma. 
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The latter author refers to a monograph on tumors published by 
Barbacci ! in 1915, in which several examples of this group of tumors 
allied to this type were recorded. Unfortunately, this volume has 
not been available, and the references as given by Faccini of the in- 
dividual cases were inadequate for verification. In general, the 
tumors may be said to arise as follows: 

1. In relation to the synovial membrane of the joint cavity itself; 
such as those reported by Rijssel,!* Marsh," Lockwood ® and Fac- 
cini.® 

2. From the synovial membrane of some of the overlying bursae, 
such as that reported by Smirnoff. 

3. From the fascial aponeurosis, of which a rather special variety 
seems to be the group occurring in relation to the rectus abdominis 
aponeurosis, and to which the same desmoid was given by Miiller,” 
and which has been subsequently used quite generally. In addition 
to this rather limited type, the general term fascial endotheliomata 
has been applied by Ewing.* Gobbi ® and Bolognesi ? have reported 
typical tumors of this general variety. 

4. Tumors arising in relation to the tendons and tendon sheaths. 
Buxton,’ in reviewing the literature of this group of tumors, comes 
to the conclusion that there are probably no true primary tumors of 
the tendon itself, that the giant cell myeloma is the commonest 
tumor involving the tendon sheath, and that clinically they are 
particularly confused with simple inflammatory processes of the 
tendon sheath. McWhorter and Weeks ” subsequently discuss the 
rather special group of tumors of the tendon sheaths usually de- 
scribed by the name xanthoma. They conclude that xanthoma tu- 
berosum multiplex and all forms of xanthomas are the result of a 
systemic disease in which hypercholesterolemia is an essential fea- 
ture. They feel that these nodules are not, strictly speaking, tumors, 
but are the result of an irritative connective tissue reaction to the 
deposition of cholesterin; and that, as recurrence follows the surgical 
removal of these nodules, surgery is indicated only in cases with 
pressure symptoms, because surgery does not affect the underlying 
etiologic process. 

Accordingly, there is some relationship among the tumors of these 
various groups, although the last division of the xanthomas suggests 
an inflammatory reaction rather more definitely than do the others. 
Certain it is that the first two groups, the tumors arising directly 
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from the lining of the joint capsule and from the bursae, are essen- 
tially the same genetically, and differ only in their physical distri- 
bution. Clinically, there occasionally occur other tumors which 
may be confused with these groups. Of these, the rare cases of 
hemangioma of the joint may be cited. A recent case of this type 
was reported by Osgood." Similarly, the fatty tumors of the cap- 
sule have frequently given rise to difficulties in differential diagnosis, 
particularly the type lipoma arborescens, which Ziillig 1* discusses. 
And, finally, there are the sarcomas of fibroblastic origin, either in 
their simple fibrous tissue form, or differential chondroblastic or 
osteogenic forms. These are too numerous to cite in a paper which 
is limited, as this is. The essential pathology of these tumors has 
been brought out by many of the papers recorded above. 

A recent paper by Zeckwer ” from this department, has empha- 
sized particularly the extreme variability of the cytology of this 
group of tumors derived from mesothelium. In the case which she 
presented of a tumor originating in the pleura, three distinct cell 
types were found, both in their fully differentiated forms and in 
their intermediate forms, which could be traced back to a common 
multipotential cell. This is obviously what one might expect in such 
tumors, in view of their origin from such a relatively undifferentiated 
cell type, and yet it is a fact which seems to have been overlooked or 
neglected by most of the contributors to this subject. In the three 
cases which are being presented, these same features of differentia- 
tion into two kinds of cells, the synovial lining type and the support- 
ing stromal type, with intermediate forms between the two, are seen. 
This variation is illustrated by the drawings and photomicrographs 
appended. Particularly interesting is the point which she has made 
of the method by which lumina appear to develop as the result of 
vacuolization of the cytoplasm of certain of the cells which gradu- 
ally become lined by additional cells formed by mitoses from the 
nucleus of the orginal cell. Similarly, the formation of pseudogiant 
cells in this manner is readily explained. By what influence the dif- 
ferentiation of the cell from the pure spindle-appearing type to the 
obvious endothelial cuboidal type is brought about is extremely 
difficult to explain. 


; 
i 
: 


SYNOVIOMATA 363 


SUMMARY 


Three tumors of synovial membrane origin and presenting too 
many points in common, both clinically and histologically, to be 
regarded as coincidental, are presented as a type tumor. Their 
histology, as based on their embryologic origin from mesothelium, 
is discussed, the type cell showing multipotential characteristics 
comparable to other mesothelial tumors. 

A review of the literature of the subject is presented. 
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DESCRIPTION OF PLATES 


PLATE 104 


Case I 


Fics 1 AND 2. High power photomicrographs from different parts of tumor, 
illustrating multipotential differentiation, in Fig. 1, the spindle cell pre- 
dominating; in Fig. 2 the synovial form well defined. 


PLATE 105 
Case II 
Fic. 3. High power. Illustrates alveolar formation about fatty secretion. 


Fic. 4. Oil immersion. Illustrates polypotentiality of cells, differentiating in 
both synovial and fibrous fashion. 


PLATE 106 


Case III 


Fic. 5. Low power photomicrograph. Shows extent to which differentiation 
may be carried in these tumors, with development of well formed synovial 
lining cells. 

Fic. 6. Oilimmersion. Same. 


PLATE 107 


Case III 
Fic. 7. Low power camera lucida drawing. Illustrates the dual differenti- 
ation of the cells into synovial and fibrous tissue. 
Fic. 8. High power camera lucida drawing. Illustrates the common parentage 
of the cells. Note mitotic figure centrally. Shows tendency of alveolar 
development from “signet ring.’’ Vacuolization of cells. 
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STUDIES ON MITOCHONDRIA * 


Il. THE OCCURRENCE OF MITOCHONDRIA-RICH AND MITOCHONDRIA- 
POOR CELLS IN THE THYROID GLAND OF MAN AND ANIMALS 


Davi P. SEEcoF 
(From the Division of Laboratories, Montefiore Hospital, New York, N.Y.) 


The réle of mitochondria in cellular activities is unknown. In the 
progress of a systematic study of this subject, the fact that the his- 
tologic variations of the thyroid are experimentally controllable led 
us to pay special attention to this organ, in the belief that altera- 
tions of the mitochondria, if there were any, might be better evalu- 
ated in the thyroid cell than in the cells of other tissues. A study of 
the thyroid cell appeared all the more appropriate for investigating 
the possibility that mitochondria may serve as cytologic indicators 
of cellular activities, since Goetsch! had reported a correlation of 
variations in the functional activity of the gland, as detectable by 
clinical symptoms, with alterations in the mitochondria of the cells. 

Experimentally ? it was found that definite alterations in the 
number, form and distribution of the mitochondria in the thyroid 
cell were associated with the general histologic alterations which, as 
Marine has shown, depend upon variations in the percentage-iodine 
content of the organ. The hypertrophic, tall, columnar cell] invari- 
ably contained innumerable, filamentous types oriented , parallel 
with the long axis of the cell, and large accumulations near the 
lumen border. As the cell became flatter the filaments became fewer; 
rod-like and granular forms appeared, and the apical masses disap- 
peared. In the extremely flattened cells of the completely involuted 
gland only a few, scattered granules were present in the scant cyto- 
plasm. 

In these animal experiments, the tall cells were obtained by feed- 
ing high fat diets or by producing states of compensatory hyper- 
trophy by partial removal of the organ. The flattened cells were 
readily obtained by the administration of iodine both to normal 
animals and to those in which hypertrophy had been well established. 


* Presented in abstract before the American Society for Experimental Pathology, 
Rochester, N. Y., April 14, 1927. 
Received for publication March 27, 1927. 
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While the histologic and the accompanying mitochondrial changes 
occurred in the organ, there was no detectable evidence of variations 
in the functional activity of the gland. Also, in a few human glands 
examined at that time, similar variations in the number, form and 
distribution of the mitochondria were found to be dependent upon 
the size variations of the cells, but could not be correlated with the 
clinical symptoms. 

Goetsch’s findings, which led to the belief that variations in the 
mitochondria of the thyroid were associated with clinical symptoms, 
were based upon studies of human glands from cases of the so-called 
“toxic” adenoma. For our experimental studies, we used the com- 
mon laboratory animals in whose glands adenomas were not en- 
countered. In the previous communication, we attempted to explain 
the different results of the animal and human studies on the basis 
that in the adenomas the mitochondrial response to iodine variations 
might be unlike that in non-adenomatous tissues, since Marine had 
shown that histologically the cells in the adenomas do not react 
quantitatively like the cells in the non-adenomatous tissue. That 
is, some cells did not react at all, others very slowly and still others 
equally as well as in normal tissue. At that time, it was also inferred 
that any slight peculiarities in the iodine response of the mitochon- 
dria of the cells of the adenomas would not be associated with the 
clinical symptoms since the wide variations in the mitochondrial 
contents of the cells of normal tissues were not associated with de- 
tectable alterations in the functional activity of the gland. 

An investigation of the mitochondria in the human gland was 
undertaken in order to determine whether mitochondrial alterations, 
unlike those which had been observed in the cells of non-adenoma- 
tous tissue, occurred in the adenomas whose reaction to iodine is 
variable; and to inquire further into the possible correlation of the 
mitochondrial alterations with the clinical symptoms of thyroid 
disease. 

A study of thirty-one human glands confirms our previous find- 
ings in animals, namely that specific alterations in the number, 
form and distribution of the mitochondria depend upon variations 
in the size of the cell, both in adenomas as well as normal tissue, and 
cannot be correlated with clinical symptoms. However, during the 
study of these specimens our attention was attracted to variable 
numbers of cells in which the mitochondrial content is markedly 
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increased or decreased compared to the amounts normally present 
in the thyroid cell. The variations in the amounts of mitochondrial 
substance in these cells are not dependent upon variations in the size of 
the cell. The significance of these variations has not been determined. 
Before presenting the available data, it may be of interest to trace 
the steps which led to the detection of these mitochondria-rich and 
mitochondria-poor cells in the thyroid gland of man and animals. 

The standardized technic employed for the demonstration of the 
mitochondria in the thyroid cell has been fixation in Regaud’s solu- 
tion, and staining with acid fuchsin and methyl green. In examining 
the sections upon which our previous report was based, a few deeply 
red-staining cells, seen in the glands of all the animals and in the few 
human specimens, were passed by without any special attention, in 
the belief that they belonged to the type of cell described by Langen- 
dorff * as the “‘colloid”’ cell of the thyroid, since they appear singly 
or in small groups in a few follicles. In the glands of animals used 
in subsequent experiments, large numbers of cells were seen which 
stain paler than the average. The heavily red-staining property of 
certain cells is found to be due to the fact that there are larger num- 
bers of mitochondria which are much thicker than those normally 
present in the thyroid cell; while the pallor of other cells is due to the 
paucity and the fineness of the mitochondria. Moreover, the vari- 
ations of the thicker and thinner mitochondria resemble those nor- 
mally present, in that they are filamentous when the cells are tall 
and become rod-like and granular as the cells become flatter. In the 
human specimens collected for this study, enormous numbers of the 
heavily staining cells are found scattered throughout, and frequently 
their positions are parietal, like those described by Bensley,’ as the 
“ovoid” cells in the thyroid of the opossum. In sections from the 
adenomas, these cells not only comprise the greater portions of many 
of the follicles but, in large areas, entire follicles are replaced by 
them. The pale staining or mitochondria-poor cells are relatively 
few in number. 

The striking fact is that while both the mitochondria-rich and the 
mitochondria-poor cells, like the normal cells, undergo hypertrophy 
and involution, their numbers are not constant in the different 
species of animals and in the same species under different conditions. 
We are investigating the exact distribution among the different 
species of animals of the mitochondria-rich and mitochondria-poor 
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cells, and have undertaken experiments along various lines in an 
attempt to determine their significance. 

After a more detailed description of these cells, we wish to present 
the results obtained from an attempt to correlate the clinical data 
and the gross anatomic changes with the presence of the mitochon- 
dria-rich cells in the human gland. We believe that although the 
series is small, the findings may have some bearing on the results 
obtained by Goetsch, and may serve to shed some light on the possi- 
ble significance of these cells. 


MATERIAL 


In addition to the human glands, the thyroids of several hundred 
animals, including guinea-pigs, rabbits, rats, cats, dogs, chickens and 
pigeons were examined. For the human specimens we are indebted 
to Dr. George Crile of the Cleveland Clinic and Dr. Benjamin S. 
Kline of the Mount Sinai Hospital, Cleveland. For some of the 
differential staining properties of the mitochondria-rich cells we used 
numerous specimens which were obtained at necropsy, and had been 
fixed in various solutions for a period varying from a few days to 
several years. Many enlarged glands of dogs were obtained through 
the kindness of Dr. Julius M. Rogoff of Cleveland and Dr. S. E. 
Sanderson of Detroit. The remainder of the animal material con- 
sisted of the specimens which had formed the basis for our previous 
studies, supplemented by other material obtained from animals in 
studying mitochondrial differentiations. 


METHODS 


The human specimens were fixed in Regaud’s solution never later 
than two to three minutes after removal from the body, while the 
animal material was fixed immediately. It might be emphasized 
that the blocks, although only several millimeters in thickness, were 
larger than are ordinarily used in cytologic studies. We attempted, 
wherever possible, to obtain sections almost 20 mm. square in order 
that in the grossly variable tissues we might be better able to control 
and evaluate the cytologic findings. The tissues were kept for four 
days in 3 per cent potassium bichromate (4 parts) and neutral con- 
centrated formalin (1 part), changing daily; and then in 3 per cent 
potassium bichromate for eight days, changing every other day. 
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After cutting at 4 to 6 microns in paraffin, the sections were stained 
with acid fuchsin and methyl green according to the method given 


by Cowdry.® 
OBSERVATIONS 


In any tissue which has been fixed in Regaud’s solution and 
stained with acid fuchsin and methyl green, as described above, the 
mitochondria are stained red, while the remainder of the cytoplasm 
and the nucleus are stained green. When the sections are examined 
with the low powers of the microscope, the cells which contain large 
amounts of mitochondrial substance appear deeply red stained; 
those containing moderate amounts appear purplish, on account of 
the blending of the red and green; while those containing small 
amounts appear uniformly green-staining. 

Sections of the thyroid show all three types of cells. With the oil 
immersion lens, it is seen that the red-staining cells contain relatively 
more numerous and thicker mitochondria, while the green-staining 
cells contain relatively fewer and thinner mitochondria than are 
contained in the purple-staining or chief cells. The following de- 
scriptions present the available data concerning the chief, the mito- 
chondria-rich and the mitochondria-poor cells. 

1. THE CHIEF CELLS. In all the thyroids examined, the cells which 
appear purplish under the low powers of the microscope show con- 
stant alterations in the number, form and distribution of the mito- 
chondria according to the degree of cellular hypertrophy or involu- 
tion, as described previously ? (Figs. 1 and 2). 

2. THE MITOCHONDRIA-RICH CELLS. In the glands of the com- 
mon laboratory animals these cells occur most often singly in scat- 
tered follicles, occasionally several within a follicle and rarely they 
replace an entire follicle (Fig. 3). In the human they are usually 
more numerous than in the animal glands, and in the majority of 
the cases studied they occupy large segments of many of the follicles 
and frequently replace entire follicles. They often occur in large 
numbers at the periphery of the follicle (like the “‘ovoid”’ cells of 
Bensley), in the interfollicular spaces, and occasionally they are 
seen within the lumen of the follicle (Figs. 4, 5, 6 and 7). 

(a) Their presence in adenomas. Follicles made up entirely of 
mitochondria-rich cells occur most often in glands which show some 
evidence of adenomatous changes which, however, may be so slight 
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as to be represented by merely a distortion of the architecture and 
irregularity of the follicles and blood supply. In the definitely en- 
capsulated adenomas these cells occupy large areas of the section. 
In the solitary large adenomas, such follicles are found beneath the 
hyalinized and at times calcified capsule (Fig. 6), and in the centers 
of the degenerating foci (Fig. 7). 

(b) Their response to iodine variations. On the basis that the in- 
volution and hypertrophy of the thyroid cell are due to the varia- 
tions in percentage-iodine content of the gland, it is a striking fact 
that the mitochondria-rich cells show all the variations seen in the 
chief cells. When they are situated in the walls of the follicles they 
vary from the flattened to the tall columnar types, but in the same 
follicle the mitochondria-rich cells may be flatter or taller than the 
adjacent chief cells. Adjacent follicles made up of mitochondria-rich ' 
cells may consist entirely of columnar or flattened cells. However, 
when they occur peripherally (like the “ovoid” cells of Bensley), 
or lie in the interfollicular spaces, or in the solid masses in and about 
the lymphoid accumulations they usually appear as giant cells vary- 
ing from three to five times the size of the normal thyroid cell (Figs. 
4, 6, and 7). In these locations, the shapes of these cells may be 
oval, round, triangular or stellate. 

(c) Their relation to the colloid content of the follicles. Like the 
colloid content in follicles of chief cells, the amount varies inversely 
with the degree of hypertrophy of the mitochondria-rich cells, for 
when the cells are tall the colloid is reduced; and when the cells are 
flat the colloid is increased. 

(d) Their relation to lymphoid foci. The mitochondria-rich cells 
are found singly and in large masses both within and at the periphery 
of the lymphoid foci. 

(e) Their presence within the lumina of follicles. At times the 
mitochondria-rich cells lie freely within the lumina of follicles made 
up entirely of the same cells, at times they are contained within 
follicles made up entirely of chief cells; and conversely, follicles of 
mitochondria-rich cells may inclose chief cells (Fig. 5). 

(f) Their participation in “budding” processes. The papillary 
projections into the lumina may be entirely made up of mitochon- 
dria-rich cells, or only in part, though the remainder of the follicles 
are composed of chief cells (Fig. 8). On the other hand, when the 
budding takes place toward the interfollicular spaces, the bud of 
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mitochondria-rich cells is always found to arise from similar cells 
lying in the wall of the follicles. 

(g) Their nuclei. The nuclei in the mitochondria-rich cells vary 
in size and staining properties as they do in the chief cells. The giant 
cells, however, may contain very minute heavily staining nuclei. 
The nuclei may be located, as in the chief cells, either at the inner 
or basal pole of the cell. Often the position of the nuclei of the mito- 
chondria-rich cells is opposite to that occupied by the nuclei of the 
adjacent chief cells (Fig. 8). In the irregular cells found outside the 
follicular walls, the position of the nucleus is usually eccentric. The 
nucleoli are variable both in size and staining. Mitoses are rarely 
seen. 


The Mitochondria of the Mitochondria-rich Cells 


The number varies, as in the chief cells, with the state of hyper- 
trophy and involution. In the giant cells they are increased in pro- 
portion to the increase in the size of the cell. In form they vary like 
those in the chief cells, being filamentous whenever the size of the 
cell permits and granular when the cell is flattened. It is significant, 
however, that the filaments are not as wavy or undulant as the fila- 
ments in the tall chief cells. They are uniformly distributed through- 
out the cytoplasm, but are more closely packed than in the chief 
cells; and there is not that tendency for dense accumulations to ap- 
pear at the inner border of the tall cells, as invariably occurs in the 
tall chief cells. As in the chief cells, with any alteration in the posi- 
tion of the nucleus there is a change in the position in which the 
mitochondria are more numerous. A striking picture is seen when, 
along with the reversal of the nuclear position, the mitochondria are 
more numerous at the opposite poles of adjacent mitochondria-rich 
and chief cells (Fig. 8). This phenomenon may have some bearing 
on the question of the reversal of polarity in the thyroid cells. 

The distinguishing characteristic between the mitochondria in 
these cells as compared with the mitochondria in the chief and mito- 
chondria-poor cells pertains to the thickness or diameter of the indi- 
vidual elements. In all forms, whether they appear as granules, rods 
or filaments, their cross-sectional diameters are greater than those 
of the chief cells (Fig. 11). This property enables one to detect 
transitional cells, which are filled in part with the normal mitochon- 
dria and in part with the thicker forms. The presence of these “tran- 
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sition” cells is an important point to be considered when discussing 

the possible significance of the mitochondria-rich cells. 

The fuchsin-staining affinity of the thick mitochondria in the 
mitochondria-rich cells is apparently the same as the finer types of 
mitochondria found in the chief and in the mitochondria-poor cells, 
but their thickness makes them appear darker staining under the 
same magnifications. However, incompleted studies using various 
fixatives and staining methods on fresh and necropsy material seem 
to indicate that these thick mitochondria are chemically different 
from the mitochondria in the chief and mitochondria-poor cells. 
For the present the following may be mentioned: 

(1) After being stained with fuchsin they are not as easily decolor- 
ized by dilute acids and alcohol. 

(2) With various fixatives, they stain well with fuchsin and hema- 
toxylin, long after postmortem effects have rendered the mito- 
chondria in the other cells unstainable. 

(3) They are partially dissolved by lipoid solvents, both before and 
after fixation, in a manner quantitatively and qualitatively un- 
like those in the chief and mitochondria-poor cells. 

(4) They are better stained with iron hematoxylin after formalin 
fixation, and stain poorly with acid fuchsin after fixatives con- 
taining osmic acid. 

(5) They are more refractory to those subtle, unknown technical 
errors which at times destroy the mitochondria in all tissues 
which apparently have been correctly fixed and stained, as 
shown by their survival in a section in which, for entirely un- 
known reasons, the mitochondria in the chief cells and mito- 
chondria-poor cells do not stain. 

(6) They are stainable with acid fuchsin after refixation in Regaud’s 
solution of tissues which had been fixed routinely in formalin, 
Orth’s or Zenker-formol solutions, even after several years. 

3. THE MITOCHONDRIA-POOR CELLS. In the glands of all animals 
there are cells which, when viewed with the low powers of the micro- 
scope, are uniformly green due to the relatively fewer and thinner 
mitochondria present as compared with those in the chief cells. The | 
mitochondria-poor cells are present in very small numbers in the 
human glands, including the normal and adenomatous, but are very 
numerous in the thyroids of the other animals examined. There 
seems to be an inverse relationship between the number of mito- 
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chondria-poor and mitochondria-rich cells in the different species of 
animals, and in the same species of animal under different conditions. 
When the number of mitochondria-rich cells is increased the number 
of mitochondria-poor cells is decreased and vice versa. It is note- 
worthy that in the markedly enlarged thyroids of dogs (from Cleve- 
land and Detroit), the mitochondria-poor cells are increased while 
the mitochondria-rich cells are not more numerous than in the nor- 
mal sized glands. The mitochondria-poor cells in the animal glands 
are found singly or in small groups in occasional follicles peripher- 
ally (like the “‘ovoid”’ cells of Bensley), in the interfollicular spaces, 
in the lumina of the follicles, and rarely they replace entire follicles. 
They participate in the “budding” processes in the animal glands 
just as the mitochondria-rich cells in the human gland, and are 
found in large numbers in the interfollicular spaces in the form of 
regenerating buds. The mitochondria-poor cells are almost invari- 
ably round or oval in outline; the lateral walls are not parallel but 
show a distinct convexity which causes an indentation of the walls 
of the adjacent cells. The nuclei vary in size and staining. Mitoses 
are occasionally seen (Fig. 9). 


The Mitochondria of the Mitochondria-poor Cells 


There are relatively fewer mitochondria in the mitochondria-poor 
cells than there are in the chief cells. They are rarely filamentous, 
but are rod-like in the taller, and granular in the flatter cells. Lying 
in the unusually clear cytoplasm they may be diffusely scattered, 
although they are frequently concentrated at the periphery of the 
cell or form a ring about the nucleus. In all forms their diameters 
are much smaller than those in the chief cells, indeed, the granular 
types are barely visible. These fine mitochondria are not as stable 
as those of the mitochondria-rich and chief cells, and are very easily 
destroyed by technical errors and chemical agents. 


DIFFERENTIAL STAINING OF THE MITOCHONDRIA-RICH AND THE 
MITOCHONDRIA-POOR CELLS 


In tissues which had been placed originally into fixing solutions 
containing chromates, or were chromated after having remained for 
periods varying from a few days to fifteen years in formalin, the 
mitochondria-rich and mitochondria-poor cells are distinguishable 
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from the chief cells by differences in the density of staining of the 
entire cytoplasm. This is true in sections in which the mitochondria 
were poorly stained, or had been stained by methods not intended 
to reveal the mitochondria. For example, in sections stained with 
hematoxylin and eosin or with iron hematoxylin, the cytoplasm of 
the mitochondria-rich and mitochondria-poor cells stains uniformly 
darker and paler respectively than the cytoplasm of the chief cells. 
The reasons for these differences have not been determined. The 
addition of osmic acid to the chrome fixatives often intensifies these 
differences but invariably results in less satisfactory differentiations 
of the mitochondria in the three types of cells. The presence of acids 
in the fixing solutions, such as acetic acid employed in Zenker’s 
fluid, invariably destroys both the mitochondria and the cyto- 
plasmic differentiations. 

Although somewhat similar in their distributions, the mitochon- 
dria-rich, the “colloid” cells of Langendorff and the “‘ovoid”’ cells 
of Bensley are not identical. In sections prepared by the standard- 
ized technic, an occasional mitochondria-rich cell shows the char- 
acteristic outline and dark staining background of the “colloid” 
cell of Langendorff. By counterstaining the sections which had been 
fixed in Regaud’s or Zenker-formol solutions, with Mallory’s anilin 
blue Collagen stain, or with the Ehrlich-Biondi solution, it is readily 
seen that the “colloid” cell of Langendorff may contain either the 
thick mitochondria which characterize the mitochondria-rich cells 
or the normal types such as exist in the chief cells (Fig. 10). The 
mitochondria-rich cells are not distinguishable in sections stained 
with Mallory’s phosphotungstic acid hematoxylin after fixation 
in Zenker-formol, and are therefore not identical with Bensley’s 
“ovoid” cells. 

As yet we have been unable to establish any differences between 
the mitochondria-rich, mitochondria-poor and the chief cells as re- 
gards their participation in the elaboration of the visible secretory 
products of the thyroid cell. 


THE MITOCHONDRIA-RICH CELLS IN THE HUMAN THYROID 


The significance of the variations in the numbers of the mito- 
chondria-rich and mitochondria-poor cells in the different animals 
remains unknown. A valuable clue to the factors which determine 
the numbers of the mitochondria-rich cells was obtained in attempt- 
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ing to correlate the wide variations in the numbers of the cells with 
the clinical data and with the anatomic alterations in a series of 
thirty-one human glands. These cases were divided into two groups: 
Group I, included the cases whose glands contained relatively few 
mitochondria-rich cells or, as in the animal glands, these cells rarely 
filled entire follicles; Group II, included those cases whose glands 


TABLE 3 


Distribution of the Cases in the Two Groups according to the Clinical Diagnoses 


I. Exophthalmic Goiter Group I Group II 
“Exophthalmic goiter ”’ or “ Basedow’s,” ° 
“Graves” with hyperthyroidism’. ° I 
“‘Adenomatous goiter with hyperthyroidism”’............... I I 


II. Simple Goiter 


contained large numbers of the mitochondria-rich cells which occu- 
pied entire follicles and groups of follicles in a single section. The 
principle data of the cases in each group are given in Tables 1 and 2. 
Age appears to be a factor in determining the relative numbers of 
the mitochondria-rich cells since there is a predominance of older 
cases in Group II. It must be borne in mind, however, that with 
advancing age there is a concomitant increase in the frequency and 
degree of anatomic alterations in the gland, and that the factor of 
age cannot be separated from another factor to be taken up pres- 
ently, namely, the presence of adenomatous changes. Sex apparently 
has no bearing on the distribution of the cases in the two groups. 
We are unable to correlate the diverse symptoms which are clini- 
cally attributable to disturbances of the thyroid gland except to 
note that the pulse rate in cases in Group II appears to be slightly 
higher than in those in Group I; and that no differences in the per- 
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centage increase in the basal metabolic rates are noticeable between 
the cases in both groups. 

It is evident that the different clinical diagnoses were based upon 
various opinions of the etiology of the associated symptoms, and 
hence, it was necessary to resort to a classification used by Marine 
in order to correlate the data. After tabulating the cases with symp- 
toms, and the cases without symptoms under the headings of “ex- 
ophthalmic goiter” and “simple goiter” respectively, as shown in 


TABLE 4 


Distribution of the Cases in the Two Groups according to the Anatomic Diagnoses 


Group I Group II 


Table 3, it is seen that in this series the presence of large numbers of 
mitochondria-rich cells cannot be correlated with the clinical symp- 
toms, or with the various clinical classifications of thyroid disease. 
It should be noted also that although all but one of the cases of 
“toxic adenoma’’ fall into Group II, all of the adenoma cases with- 
out symptoms fall into the same group. 

Anatomic diagnoses: The specimens were classified according to 
the gross and microscopic findings into adenomatous and non- 
adenomatous glands. Table 4 shows that no case showing adenoma- 
tous changes falls into Group I. 


SUMMARY OF THE FINDINGS IN THE HUMAN GLANDS 


In a small series of cases, the presence in the thyroid of large num- 
bers of cells, whose increased mitochondrial contents were inde- 
pendent of the size of the cells, could not be correlated with the 
symptoms which characterize clinically distinguishable diseases of 
this organ. There is abundant evidence that the cells with increased 
mitochondrial contents are intimately associated with those changes 
in the gland which are associated with the age of the individual or 
with the formation of the so-called adenomas, or both. 
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DISCUSSION 


Descriptions of cells resembling those we have designated as the 
mitochondria-rich and mitochondria-poor, as contrasted with the 
chief cells, are occasionally met with in papers dealing with the 
cytology of the thyroid gland in relation to its secretory processes. 
As far as we have been able to ascertain from the abundant litera- 
ture dealing with the réle of mitochondria in the secretory or any 
other specific activity of a highly specialized cell, and from our own 
studies along these lines in tissues other than the thyroid, it appears 
very unlikely that the mitochondria are directly associated with the 
formation of the visible secretory products of the cell, or with any 
specific functional activity of any specialized cell. Indeed, in those 
cells which elaborate visible secretory products, it seems that the 
alterations of the mitochondria are entirely passive; that during the 
elaboration or formation, storage and discharge of these products, 
the alterations of the mitochondria result from as yet entirely un- 
known factors in addition to the altered volumetric conditions ex- 
isting within the cells during these secretory phases. As regards 
their relation to the colloid in the thyroid gland, the observations 
here recorded show that the cells with larger or smaller amounts of 
mitochondria do not differ from the chief cells since the amounts of 
colloid within the follicle vary inversely with the degree of hyper- 
trophy of the respective cells. A review of the literature dealing 
with the relationship between mitochondrial alterations and secre- 
tory processes of the thyroid cell, along with additional observations 
which confirm these deductions, have been recently contributed by 
Ma ® and Key’. 

Cramer and Ludford ® concluded from the observation that mito- 
chondrial alterations occur in the thyroid gland following the ex- 
posure of the animal to environments of high or low temperatures 
and following the subcutaneous injection of B-Tetrahydronaph- 
thylamine, that a very clear relationship may be demonstrated be- 
tween the functional state of the gland and the mitochondria. The 
variations in the functional activity of the gland, ranging from “‘in- 
tense activity” to “complete inactivity,” were estimated by histo- 
logic standards based upon their findings in previous studies when, 
by using the same experimental procedures, it was assumed that 
variations in the functional activity of the thyroid had been pro- 
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duced. We believe that their findings show a direct relationship 
between mitochondrial alterations and histologic changes, but from 
the methods used, it might be inferred that either the iodine metabo- 
lism of the gland is rapidly altered or that the histologic changes 
were brought about by factors other than by the production of 
marked and rapid alterations in the iodine content of the gland. 

The results obtained from experimental studies in animals and 
the findings in thirty-one human cases, show that a correlation can- 
not be established between the clinical symptoms of disturbances in 
the functional activity of the gland and the alterations in the num- 
ber, form and distribution of the mitochondria in the thyroid cell. 
Moreover, assuming that Goetsch may have encountered the mito- 
chondria-rich cells in the so-called ‘‘toxic”’ adenoma, the fact that 
these cells are as numerous in adenomas from cases without symp- 
toms, at the time of operation, as they are in adenomas from cases 
presumably showing symptoms of thyroid disorders, makes it appear 
unlikely that the presence of cells with large amounts of mitochon- 
dria are associated with the clinical evidences of thyroid disorders. 
It is possible, however, that with a larger series and with more care- 
fully studied clinical histories some relationship may be found to 
exist between one or more of the diverse manifestations of thyroid 
disease and the presence of these mitochondria-rich cells. 

An important finding recorded in this communication, we believe, 
is the definite association of large numbers of mitochondria-rich 
cells with the presence of adenomatous changes in the human gland. 
In the simple diffuse hyperplasias in the animal glands the numbers 
of the mitochondria-poor cells were increased. The fact that the 
mitochondria-rich cells normally are present in larger numbers in the 
human gland, in which adenomas occur far more often than in those 
of all other animals, suggests that in the adenomas, the presence of 
cells with large amounts of mitochondria is not accidental. Future 
studies may disclose the significance of this association. 

From the fact that constant alterations in the number, form and 
distribution of the mitochondria of the thyroid cell accompany the 
histologic changes which Marine showed were dependent upon vari- 
ations in the percentage-iodine content of the gland, it might be in- 
ferred that these alterations were directly concerned with the iodine 
metabolism of the cells. Similarly, from the fact that the adenomas, 
which contain enormous numbers of mitochondria-rich cells, show 
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a lag in the histologic response to iodine administration (Marine), 
it might be inferred that these cells are associated with the altered 
iodine metabolism of the adenomas. In this way, a close relation- 
ship between a specific activity and the mitochondrial content of 
highly specialized cells appears to be established. However, the dif- 
ferences between the mitochondria in the mitochondria-rich and 
chief cells may not be dependent upon differences in the iodine 
metabolism of these cells for the following reasons: (1) During the 
wide range of variations in the iodine metabolism occurring while the 
hypertrophic and involuted states are being produced experiment- 
ally, the mitochondria in the chief cells showed no tendency to 
become thicker or thinner. (2) Cells in part filled with the thick 
mitochondria of the mitochondria-rich cells and in part with the 
normal mitochondria would have to be interpreted as showing dif- 
ferent stages of iodine metabolism existing within the same cell. (3) 
The thick mitochondria of the mitochondria-rich cells and the thin 
mitochondria of the mitochondria-poor cells undergo the same alter- 
ations during hypertrophy and iodine involution as the “normal” 
mitochondria of the chief cells. 

On the basis that the mere presence of the mitochondria must 
exercise some influence on one or more of the cellular activities, or 
that they result from some form of activity common to all living 
cells, it is generally accepted that they are associated with the basic 
or the so-called vegetative activities of cells such as respiration and 
nutrition. From this point of view, the mitochondria-rich, mito- 
chondria-poor and chief cells represent different states of vegetative 
activities of thyroid cells. How their specific functions are affected 
by variations in their basic activities remains to be determined. 
As was pointed out previously, it seems that the thyroid gland whose 
anatomic and physiologic manifestations are intimately bound up 
with its iodine metabolism, is especially suited for experimental in- 
vestigations pertaining to the possible réle of mitochondria in cell- 
ular activities, since variations in its iodine metabolism may be 
experimentally controlled. In a future paper it is hoped that further 
data along these lines will be presented. 

The significance of mitochondrial alterations, from the standpoint 
of the functional activities of the cells containing them is unknown. 
However, the facts that the mitochondria-rich and mitochondria- 
poor cells are present in normal thyroids, that they vary in number 
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in the different animals and in the same animal under different con- 
ditions, especially with the age of the animal, and that transition 
forms are present, suggest that these cells may be regarded as dif- 
ferent types of cells in the sense that the differently staining cells 
in such organs as the anterior lobe of the pituitary, the parathyroid 
and the islands of Langerhans are so designated. That they are not 
indicative of pathologic states of the thyroid cell, as opposed to the 
“normal” chief cell is the fact that they respond to iodine variations. 
In the other organs mentioned, the different types of cells are dis- 
tinguishable by variations in their mitochondrial contents as well as 
by the other cytologic criteria. Homans ! has shown that in diabetes 
it is chiefly the B cells (Bensley) " of the islands of Langerhans that 
are affected. Along similar lines it may be possible to correlate the 
three types of cells with specific functional disturbances of the thy- - 
roid, and upon the assumption that the mitochondrial alterations 
represent variations in the basic activities, it may lead to a better 
understanding of the relationship between the functional and mor- 
phologic alterations in the thyroid gland. 


SUMMARY AND CONCLUSIONS 


In the human thyroid, as in the glands of all animals examined, 
the definite and constant alterations of the mitochondria occurring 
during hypertrophy and involution of the cells in the adenomatous 
formations are similar to those which occur in the normal or non- 
adenomatous thyroid tissue. These alterations cannot be associated 
with any specific activity of the thyroid cells, nor can they be corre- 
lated with the known clinical syndromes of thyroid disease. 

In the thyroid gland of all the animals examined, certain cells are 
found which contain larger or smaller amounts of mitochondrial 
substance than are contained in the predominating or chief cells. 
The variations in the amounts of the mitochondria in these cells 
are independent of the variations in the size of the cells. These 
mitochondria-rich and mitochondria-poor cells undergo hypertrophy 
and involution like the chief cells. The numbers of the mitochondria- 
rich and mitochondria-poor cells vary in different species of animals 
and in the same species under different conditions. 

The mitochondria-rich cells are more numerous in the human 
gland than in the glands of any of the common laboratory animals. 


a 
%. 


STUDIES ON MITOCHONDRIA 383 


In the human gland the variations in the number of the mitochon- 
dria-rich cells are associated with such factors as age, the presence 
of adenomatous changes in the gland, or both. In a small series of 
cases the presence of large numbers of mitochondria-rich cells could 
not be correlated with the associated clinical symptoms of thyroid 
disease, nor were they more numerous in the adenomas from cases 
with, than from cases without associated symptoms of thyroid 
disease. The significance of these findings from the standpoint of 
the relationship between mitochondrial alterations and variations 
in the functional activity of the thyroid gland remains to be de- 
termined. 


It is a pleasure to acknowledge my indebtedness to Dr. David Marine; 
Dr. E. V. Cowdry; Dr. R. R. Bensley and Dr. Emil Goetsch for valuable sug- 
gestions and helpful criticism during the progress of the work, and to Miss 
Norine Boetsch for her technical assistance. 
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PLATE 108 


Fic. 1. Filamentous mitochondria in the tall cells of the rat thyroid. x 3000. 
Fic. 2. Rod-like and granular mitochondria in the flattened cells of the rat 
thyroid. x 3000. 
PLATE 109 
Fic. 3. Follicle of mitochondria-rich cells in the rabbit thyroid. x goo. 
Fic. 4. Mitochondria-rich cells in the human thyroid. x 75. 


PLATE 110 
Fic. 5. Mitochondria-rich cells lying within the lumina of the follicles in the 
human thyroid. x 40c. 


Fic. 6. Follicles of mitochondria-rich cells at the periphery of a degenerating 
adenoma in the human thyroid. x 150. 


PLATE III 
Fic. 7. Follicles of mitochondria-rich cells near the center of a degenerating 
adenoma in the human thyroid. x 150. 
Fic. 8. Mitochondria-rich cells in a papillary bud in the human thyroid. 
X 250. 
PLATE 112 


Fic. 9. Mitochondria-poor cells in the guinea-pig thyroid. x 350. 

Fic. 10. Schematic drawing of hypertrophic and involuted thyroid follicles 
showing at (a) chief cells, at (b) mitochondria-rich cells, at (c) mitochon- 
dria-poor cells and at (d) Langendorff cells. 
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A CYTOLOGIC STUDY OF MOLLUSCUM CONTAGIOSUM * 


Ernest W. GooppasturE, M.D. anp Howarp Kine, M.D. 


(From the Department of Pathology, Vanderbilt University Medical School, 
Nashville, Tenn.) 


INTRODUCTION 


In the present limited extent of our knowledge of the virus dis- 
eases and the lesions associated with them, it is of importance to 
analyze with the greatest care the cellular changes which an infec- 
tion by each virus induces; and especially those changes associated 
with “inclusion bodies,’’ whether intranuclear, intracytoplasmic or 
both, that seem to be specific for a certain virus or for a group of 
viruses. It is of particular moment to arrive at a correct interpre- 
tation of such inclusions as those associated with molluscum con- 
tagiosum which appear to be in part at least composed of myriads 
of minute bodies. In size, these seemingly are such as to satisfy the 
physical requirements which would permit them to pass through 
the pores of a porcelain filter. Their number, morphology and 
staining reactions suggest that they are microdrganisms and the 
etiologic agent of the disease. A sound morphology is an important 
basis for cultural investigations, the successful accomplishment of 
which would be necessary for the permanent establishment of an 
etiologic agency. 


CLINICAL MANIFESTATIONS 


Molluscum contagiosum is an infectious disease of the human 
skin which is characterized by the formation of multiple,*discrete, 
cutaneous epithelial nodules averaging about 2mm. in diameter. 
There are numerous thorough clinical accounts of the disease and of 
the histology of the lesions. It is more commonly an infection of 
children, and it has frequently been observed that the disease has 
spread in a short time from one child to many others in close associ- 
ation, as in schools. 

Experimental transmission of molluscum contagiosum was accom- 
plished for the first time by Retzius in 1871. This was confirmed by 


* Received for publication April 28, 1927. 
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Vidal, Haab and others. Juliusberg! in 1905 showed that the virus 
could pass through a Chamberlin filter. The filtrate inoculated into 
three persons was negative in two, but induced the disease typically 
in one after an incubation of fifty days. More recently Wile and 
Kingery ? have shown the filterability of the virus through the finest 
Berkefelt filters. 


REVIEW OF FORMER STUDIES 


Several reviews of the earlier and more recent literature are avail- 
able and no attempt will be made to cover the earlier work exhaust- 
ively.* In 1891 Henderson and Patterson described rather large 
oval hyaline structures in the superficial layers of the epithelial 
nodules which were regarded as specific parasites, and these well 
defined structures have since been called molluscum bodies. The 
most important morphologic investigations of molluscum contagio- 
sum have been those of Lipschiitz, who observed in fresh prepara- 
tions from the epithelial nodules innumerable, non-motile, spherical 
bodies, uniform in size and measuring in stained preparations 0.25 
micron in diameter. In smears these minute structures were stain- 
able by Loeffler’s flagella stain, and appeared as discrete, round, 
uniformly colored bodies, quite characteristic and easily distin- 
guished from any other stainable material in the preparation. In 
sections he succeeded regularly in demonstrating within certain 
swollen epithelial cells of the cutaneous nodule similar bodies in 
enormous numbers, closely packed together but sufficiently discrete 
to be resolved with high magnification. These elementary bodies, 
Lipschiitz regarded as the etiologic agent of the disease, and has 
named them Strongyloplasma hominis. The discovery of the ele- 
mentary bodies was confirmed by von Prowazek.*® 

In stained sections Lipschiitz recognized coarser and more ir- 
regular bodies, within the cytoplasm of the affected cells, which 
stained like nucleoli and were regarded by him as nuclear deriva- 
tives expelled into the cytoplasm under the influence of the infec- 
tion. These were identified as the same bodies earlier described by 
Kuznitsky and by MacCallum. The nuclear particles, he believed, 
were in every way distinct from the elementary bodies, differing 
from them in size, staining qualities and number. He recognized no 
genetic relation between them. 

In a more recent cytologic investigation of molluscum contagio- 
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sum, Sanfelice * observed that the most significant changes in the 
cell take place in the nucleus. Both the nucleus and cytoplasm of 
the cells of the Malpighian layer in the affected area enlarge. The 
nucleolus also increases in size and stains a deeper red with Mann’s 
stain than nucleoli of normal cells. In addition to the red-staining 
nucleolus, he observed sometimes two small intranuclear bodies 
staining blue. The red-staining nucleolus was observed to become 
extruded from the nucleus so that it came to lie entirely in the cyto- 
plasm. According to this author, the extruded nucleolus, after a 
while, increases in size and changes its staining reaction, retaining 
the methy] blue instead of the eosin. When stained blue it is always 
surrounded by a clear areola which gradually shades into the cyto- 
plasm and, when it occupies a large part of the cytoplasm, it has a 
granular appearance and vacuoles can be distinguished in it. The 
inclusion by enlarging takes the form of a typical molluscum body. 
It then has a finely granular appearance and stains red. Sanfelice 
concludes from these observations that molluscum bodies have their 
origin from nucleoli which, under the influence of the infection, be- 
come extruded into the cytoplasm. Lipschiitz, while admitting a 
nuclear origin for certain cytoplasmic granules in the affected epi- 
thelial cells, recognized no genetic relation between them and the 
elementary bodies which constitute the main bulk of the molluscum 
bodies. 


THE PRESENT PROBLEM 


The present cytologic investigation of molluscum contagiosum 
was undertaken to determine whether, in our opinion, the elemen- 
tary bodies of Lipschiitz in the lesions of molluscum contagiosum 
would be acceptable with the evidence available as possible micro- 
organisms, or whether they should be more properly classed as 
products of cytoplasmic or nuclear degeneration. It was of interest 
in the investigation also to study their relation to certain cytoplas- 
mic constituents especially mitochondria, since technical methods 
for the demonstration of these normal cytoplasmic constituents had 
not been employed in previous studies. 


TECHNIC 


Several epithelial nodules 1 to 2 mm. in diameter, fixed immedi- 
ately after excision in a number of fluids, have been examined. The 
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most useful fixative in our hands has been Regaud’s fluid. The tissue 
was fixed in an ample amount of this fluid for twenty-four hours, 
then transferred for three days to 2.5 per cent potassium bichro- 
mate. For the demonstration of mitochondria, paraffin sections were 
stained by the acid fuchsin-methyl green method.’ A variation in 
this technic which we have not seen elsewhere recorded, consisted 
in mordanting the sections (before staining in the anilin acid fuchsin) 
for one minute in a 1 per cent solution of potassium permanganate, 
washing thoroughly in water and staining directly in the usual way 
without treatment with oxalic acid. A very sharp staining of mito- 
chondria has been obtained in this manner. Another useful method 
has been Mallory’s phosphotungstic acid hematoxylin, applied 
without previously treating the section with potassium permangan- 
ate and oxalic acid. This method stains the intracellular masses of 
elementary bodies a deep blue and almost specifically, but the defi- 
nition of the individual elements is not so sharp as in the acid fuchsin 
preparations. For demonstrating keratohyalin and the blue cyto- 
plasmic network between the masses of elementary bodies, the car- 
bol-anilin-fuchsin stain,* applied for one minute and counterstained 
to the intensity desired with Léffler’s methylene blue, has been of 
considerable service. 


PATHOLOGY OF THE LESION 


A typical well developed lesion has the gross appearance of a shot- 
like papule in the epidermis measuring about 2 mm. in diameter, 
with a minute round orifice at its apex through which one sees a 
pearly white central core which is firm. The tiny nodule is formed 
by a circumscribed overgrowth of squamous epithelium which forms 
a rounded, often somewhat lobulated, tumor-like mass which ele- 
vates the surrounding uninvolved epidermis. There is little or no 
inflammatory reaction about the nodule in the corium. In the germi- 
nal layer of epithelium one may see fairly numerous cells in mitosis; 
and the germinal cells of the lesion are considerably larger than cor- 
responding cells of the normal skin. The cytoplasm is pale and con- 
tains numerous mitochondria, appearing as tiny granules or fila- 
ments uniformly distributed. The nucleus is correspondingly large 
and contains one or more rather faintly staining nucleoli. There are 
no abnormalities in these cells except their relatively large size. The 
epithelium of the nodule shows much the same stratification as that 
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of normal skin, and the first significant changes occur just peripheral 
to the germinal layer. The cells and nuclei enlarge. The nucleoli 
become more prominent and more deeply stained, often presenting 
a vacuolated structure. It is in such cells that one may observe 
what appears to be an extrusion of nucleoli into the cytoplasm. The 
mitochondria in these cells are granular and tend to be grouped near 
the nucleus. Within the cytoplasm there may be one or several 
round bodies which have the size, shape and staining reaction of 
nucleoli. As was observed by Sanfelice, nuclei may be found which 
show nucleoli in the process of extrusion. These intracytoplasmic 
bodies often lie among a dense group of granular mitochondria. The 
mitochondria in this layer are coarser and more easily and intensely 
stained than those in the germinal layer. In certain cells the bodies 
which have the appearance of extruded nucleoli possess a sharp con- 
tour, in other cells they seem to be fading away as if dissolving in 
the cytoplasm and becoming basophilic in reaction. Again they 
may be surrounded by a definite and broad zone of material which 
stains bluish with Mallory’s phosphotungstic hematoxylin and pink- 
ish with fuchsin. This zone has the appearance of a halo in the cyto- 
plasm. At about this stage in the development of the cell the cyto- 
plasm in its center becomes more basophilic, and sometimes the 
nucleolus-like particles are arranged more or less regularly about the 
periphery of this basophilic portion. The particles gradually dis- 
appear and it is a question whether their presence does not add some- 
thing which aids or causes the basophilic differentiation of the cen- 
tral mass of cytoplasm. 

Also about the periphery of the basophilic cytoplasmic area there 
appear numerous small vacuoles which have a somewhat irregular 
outline owing to the fact that a new and apparently granular sub- 
stance, becomes arranged about them. The mitochondria appear as 
coarser granules, less numerous and more prominent in the neighbor- 
hood of the nucleus. The material about the vacuoles takes a bluish 
stain in phosphotungstic acid hematoxylin preparations and pinkish 
with acid fuchsin, and is identical in this respect with the more 
abundant finely granular material which constitutes the bulk of the 
cells in later stages. The cell enlarges by an increase in number and 
size of the vacuoles; the nucleus becomes pushed to one side and is 
flattened or crescentic in shape. Several coarsely granular mito- 
chondria are situated near it. The basophilic cytoplasm becomes 
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condensed in the form of an irregular network between the vacuoles 
marking the cell off into compartments, and the vacuoles become 
uniformly filled with minute, fairly discrete, bodies which stain pink 
with acid fuchsin. These minute structures are the elementary 
bodies of Lipschiitz. Every epithelial cell in the lesion is not thus 
affected. Some undergo an apparently normal differentiation with 
the formation of masses of keratohyalin, and these become more or 
less compressed between the larger cells. The finely granular intra- 
cellular compartments continue to increase in size until they fill the 
greatly enlarged cell except for the narrow cytoplasmic network be- 
tween them, and in this fully developed form, the entire mass of 
granules and basophilic cytoplasm seem to separate from a periph- 
eral cellular membrane, and as the surface is approached and kera- 
tinization of unaffected cells has proceeded to completion, the intra- © 
cellular mass of granules and cytoplasm shrink from the membrane 
and fuse to become an oval hyaline body lying within a framework 
composed of its own membrane and the remnant of surrounding 
keratinized cells. The main factor in the hyalinization of the intra- 
cellular mass is desiccation. The hyaline oval masses formed by a 
coalescence of granules and cytoplasm constitute the mature “mol- 
luscum bodies” of Henderson and Patterson. They are not formed 
by a sort of keratinization as suggested by Lipschiitz, but by fusion 
and desiccation of the elementary bodies and the intervening cyto- 
plasm. 

It is evident from our preparations that the particles which appear 
to be extruded from the nucleus have no part in the composition of 
the elementary bodies, but dissolve and become a part of the baso- 
philic cytoplasm which has a central position within the cell. It is 
within this altered cytoplasm that the vacuoles develop, about which 
and eventually within which tiny bodies occur having no counter- 
part among the cellular constituents. Mitochondria play no part in 
the formation of the elementary bodies. In fact the elementary 
bodies constitute, from all cytologic appearances, a new substance 
which increases enormously in bulk in the affected cells, and not by 
accretions to the size of individual bodies, but by a proliferation of 
innumerable bodies of uniform size, form, and staining qualities. 
The cytologic changes are in every way consistent with an active 
growth of a very minute living microérganism. Smear preparations, 
made by stroking a glass slide over the pearly core of a lesion mois- 
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tened with physiologic salt solution, and suitably stained, confirm 
the cytologic appearances of an intracellular microdrganism. 

The smears are most satisfactorily stained in our experience by 
drying them in the air, fixing for one minute in absolute alchohol, 
washing in water and mordanting for one minute in 1 per cent po- 
tassium permanganate. After washing off the permanganate thor- 
oughly they are stained with a few drops of carbol-anilin-fuchsin for 
one minute, washed and blotted. In such preparations one sees with 
an oil immersion objective, myriads of minute, round or slightly 
elliptical, discrete, uniform bodies stained a deep pink. In thicker 
portions of the smear they are so closely packed together as to be 
individually indistinguishable, but in thinner areas they are very 
clearly seen. Often they occur in biscuit and paired forms as if di- 
viding. One readily gains the impression from a study of such a 
preparation that they are a species of microédrganism; and they are 
identical with the elementary bodies of the intracellular vacuoles. 
They are not discernible in smears stained with the usual routine 
bacteriologic stains. Lipschiitz demonstrated them successfully 
with Léffler’s flagella stain, but owing to the precipitate formed by 
this method, the stain recommended above has been preferable in 
our own experience. 

We have used various liquid and solid media in attempts to culti- 
vate the bodies, but without success. The minute bodies have been 
observed to remain stainable for several weeks when suspended in 
physiologic salt solution and kept at room temperature. 


DISCUSSION 


The bodies appear first about cytoplasmic vacuoles, suggesting 
that the cell may react early to the presence of these minute struc- 
tures in a manner analogous to macrophages which have taken up a 
foreign material like trypan blue, forming vacuoles about which the 
dye becomes concentrated in crystalline particles, constituting the 
so-called segregation apparatus of Evans and Scott.’ The affected 
epithelial cells of molluscum contagiosum increase greatly in volume 
through the increase in numbers of minute formed elements within 
definite compartments in the cytoplasm. 

These minute elements do not appear to arise through degenera- 
tion or disintegration of any known constituent of the cell. Although 
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nucleoli seem to be extruded into the cytoplasm, there is no indica- 
tion that they play any morphologic part in the formation of the 
minute elements. The nucleoli disintegrate and probably become a 
constituent of the cytoplasm which is rendered thereby more baso- 
philic. Perhaps the addition of nuclear material enriches the cyto- 
plasm for the growth of a virus represented by the minute bodies. 
Mitochondria do not participate in the formation of the elementary 
bodies, but remain in a distinct though modified form until the cell 
becomes desiccated. 

No cytoplasmic element seems to be transformed into the small 
bodies under consideration. The latter rather tend to grow within 
cytoplasmic spaces, increasing rapidly in number and in total vol- 
ume, possibly by direct division, as a microdrganism might do. 

No disintegration of affected cells is noted, from which it is in- 
ferred that the presence of the intracytoplasmic structures is com- 
paratively innocuous. The preservation of mitochondria, in cells 
which show an enormous development of the minute cytoplasmic 
bodies, is against an assumption that the presence of the latter is 
due to a degeneration of the affected cell. There is little or no re- 
action in the corium about the lesion, which may be interpreted as 
meaning that the virus remains localized within the epithelial cells. 
The absence of a general immunity points to the same conclusion. 

The morphologic evidence at hand is in favor of the view that in 
molluscum contagiosum we are dealing with an intracellular infec- 
tion limited to epithelial cells, and that the minute bodies which 
accumulate in myriads within these cells may be the virus. Proof of 
such an assumption awaits experimental demonstration. 


SUMMARY 


1. The observation by Lipschiitz that epithelial cells in the lesions 
of molluscum contagiosum contain myriads of minute bodies mor- 
phologically consistent with a filter-passing microérganism has been 
confirmed. 

2. These bodies are not derived from extruded nucleoli, nor from 
any formed cytoplasmic constituent. 

3- Mitochondria are neither involved in their formation nor de- 
stroyed by the changes in the cell associated with the presence of the 
minute bodies. 
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4. The minute bodies develop about and later within cytoplasmic 
vacuoles which may be regarded as the cellular response to the pres- 
ence of a living foreign body. 

5. The view is expressed that these elementary bodies of Lip- 
schiitz may be the virus and the etiologic agent of molluscum con- 
tagiosum. 
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DESCRIPTION OF PLATES 


PLATE 113 


Fic. 1. Lesion of molluscum contagiosum fixed in Regaud’s fluid and stained 
with phosphotungstic acid hematoxylin. The dark areas in the epithelial 
cells are masses of the elementary bodies. In the desquamating portion 
the molluscum bodies are not stained. 

Fic. 2. High power of the same preparation to show the transformation of the 
intracellular masses, divided into compartments in the upper part of the 
picture, through a dense staining stage into typical hyaline unstained mol- 
luscum bodies. 

Fic. 3. Smear directly from lesion showing elementary bodies or Strongylo- 
plasma hominis of Lipschitz, stained with carbol-anilin-fuchsin after 
mordanting with potassium permanganate. x 2000. 


PLATE 114 


Fic 4. Cells from the basal layer of the molluscum lesion showing enlarge- 
ment, numerous mitochondria and prominent nucleoli. No virus bodies 
present. 

Fic. 5. Epithelial cell showing extrusion of nucleoli; some of the nuclear par- 
ticles being surrounded by a halo. Numerous mitochondria. 
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Fic. 6. Cells showing cytoplasmic alteration. Central basophilic area sur- 
granular and large. 


rounded by vacuoles with condensations about them. Mitochondria are 

Fic. 7. Cell showing cytoplasmic compartments filled with elementary bodies. 

Mitchondria are still present in granular form about the compressed 

nucleus. 

Fic. 8. Two cells showing elementary bodies in cytoplasmic compartments. 
Three compressed cells about them unaffected by the virus, containing 


keratohyaline particles (black). This is the stage illustrated in Plate I, 
Fig. 2, before desiccation of the affected cells to form molluscum bodies. 
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NUCLEAR CHANGES OF GANGLION CELLS IN EXPERIMENTAL 
HERPETIC ENCEPHALITIS * 


Ernest W. GooppasturE, M.D. 


(From the Department of Pathology, Vanderbilt University Medical School, 
Nashville, Tenn.) 


It is well known that many virus diseases are associated with 
peculiar changes which take place within certain cells of the lesions; 
and these changes are considered to be characteristic of the virus 
concerned. Some viruses induce their characteristic changes within 
the cytoplasm alone, as in molluscum contagiosum, fowl-pox, tra- 
choma and rabies. Others, variola and vaccinia, involve both cyto- 
plasm and nucleus; and a third group, to which belong varicella, 
herpes zoster, herpes simplex, Virus III of rabbits, a disease of the 
salivary glands of guinea-pigs, polyhedral disease of caterpillars, 
Borna’s disease of horses, and possibly verruca vulgaris, alter specifi- 
cally the nucleus. The virus probably in each of these various dis- 
eases is intimately connected with the cells which it thus affects and 
it possibly multiplies within those which it specifically alters. 

Certain investigators have attached a great deal of significance 
to the specific inclusion bodies of herpes, claiming that they are 
masses of virus growing within the cell, or specific products of the 
cell which thus reacts to the presence of the virus. Others? see in 
the inclusions only products of cellular degeneration or disintegra- 
tion arising from changes in preformed elements of the nucleus or 
of the cytoplasm. However, in spite of assiduous attempts no one 
has as yet succeeded in inducing any of these characteristic changes 
in cells exclusive of the local presence of a virus.»* Consequently, 
the presence of certain kinds of inclusion bodies, particularly within 
the nucleus, is coming to be regarded as a criterion of the presence 
of a virus in a lesion of unknown etiology.» ® 7 

It is characteristic of many inclusion bodies that they have the 
appearance of being a new substance originating within the cell. 
Their presence is not yet satisfactorily proved to be due to observa- 
ble alterations in recognizable constituents of either nucleus or cyto- 
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plasm, and this, although negative evidence, indicates that they may 
be at least in part composed of material foreign to the cell. 

In some recent studies of experimental herpetic encephalitis of 
rabbits the writer has observed structures within the nuclei of gang- 
lion cells in the central nervous system, in association with changes 
characteristic for this virus, which it is believed have not been de- 
scribed before. These inclusions appear within the nuclei of altered 
cells in the herpetic lesion, in association with, but quite distinct 
from the specific herpetic bodies. They occur so far as has been ob- 
served only within nuclei of ganglion cells and are not anteceded, as 
well as has been ascertained, by any formed element of the cell, but 
appear to arise from an abnormal metabolism, or to be liberated by a 
disintegration of some material peculiar to nuclei of nervous tissue. 
They are possibly lipoidal in nature. 

The specific intranuclear inclusions of the lesions of herpes sim- 
plex, first recognized by Lipschiitz,! have been repeatedly described.*® 
They are composed of an eosinophilic granular compact mass which 
is distinguishable from the nucleoli and from chromatin, often lying 
as a distinct mass separated from the nuclear membrane by a clear 
zone which is unstained in the usual fixed preparations. They can 
be seen in fresh untreated preparations. These inclusions occur typi- 
cally in epithelial cells of the spontaneous herpetic lesions of man, 
and are constantly present in early lesions experimentally induced 
in animals in whatever tissue the virus has caused a local infection. 
They are probably associated with the presence of herpetic virus.” 
In herpetic lesions of the central nervous system they are found in 
characteristic fashion in all types of nervous tissue, including gang- 
lion cells, neuroglia and ependyma. 

In early lesions of herpetic encephalitis the specific herpetic in- 
tranuclear bodies in ganglion cells may be found surrounded by a 
rather wide clear zone which in hematoxylin and eosin preparations 
may show no structural differentiation. If, however, the tissue be 
fixed immediately after death in Zenker’s solution, preferably by 
injecting this fluid directly into the carotid arteries, and the paraffin 
sections stained properly with acid fuchsin-methylene blue or carbol- 
anilin fuchsin-methylene blue,® definite morphologic structures may 
be demonstrated in this zone in association with and often sur- 
rounding the specific herpetic body. In suitably differentiated 
preparations stained by either method the bodies in question stand 
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out as sharply stained, orange-red or pink, somewhat refractive 
masses, round or oval, or as films of irregular contour. Most typi- 
cally they occur as round or oval bodies, often very numerous, 
forming a sort of rosette about the herpetic body, or films of this 
substance may form an imperfect coating over an herpetic body. 
In early stages of their development the nucleus may appear divided 
into segments in the center of which one of the bodies lies, the com- 
partments being outlined by threads or granules of chromatin. The 
round bodies have a characteristic structure. They have a central 
area which is paler than the periphery and usually contains a node 
of condensation. When not intensely stained this node is found 
to be formed by a folding on itself of what appears to be a lining 
of the body, as if a sphere surrounded by a definite membrane 
had been ruptured and the lining of the vesicle had coiled upon it- 
self. Looking at it parallel to the axis of the coil, the center appears 
condensed. These bodies are most prominent in nuclei which pre- 
sent a well developed herpetic inclusion, although they have no 
structural relation to the herpetic mass and have not been found in 
association with it except in ganglion cells. Neuroglial and ependy- 
mal cells in the same lesion, which contain typical herpetic inclu- 
sions, never contain these structures. Nor do all ganglion cells in a 
given lesion exhibit them. They are to be distinguished by their 
distinct form and color reactions from the compact, more deeply 
stained particles of chromatin, and from altered nucleoli, and from 
deeply stained fuchsinophilic bodies of doubtful origin. 

The bodies seem to be composed of a very labile substance and 
disappear rapidly from the cells following the death of the animal. 
For a constant demonstration of them the brain of the rabbit in an 
acute stage of encephalitis must be fixed immediately after death. 
The following experiment is an example: 


76-R. White adult rabbit. 

3/1/26 Injected intracerebrally into right hemisphere .25 cc. saline suspen- 
sion of Ammon’s horn from 93-R (fresh herpetic encephalitis). 

3/2/26 Temperature 104.3 F. 

3/3/26 Temperature 102.5 F. 

3/5/26 Temperature 104.9 F. 

3/8/26 Temperature 106.0 F. 

3/9/26 Temperature 106.0 F. 

3/10/26 Found lying on right side, collapsed. Left ear and left eye twitching 
spasmodically. Temperature 100.0 F. 
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The rabbit is killed with ether. Twenty cc. of Zenker’s solution 
injected from a syringe into each carotid artery. The brain is re- 
moved and fixed for twenty-four hours in Zenker’s solution. Blocks 
through the entire brain, to include Ammon’s horns, are cut for 
paraffin sections. Microscopically, there is advanced herpetic en- 
cephalitis at the base including Ammon’s horns and cerebrum later- 
ally. Numerous ganglion cells show typical herpetic inclusions and 
of these, many, especially in Ammon’s horn, contain in addition 
spherical bodies in the clear zone about the herpetic inclusions. 

The fact that the intranuclear bodies which are described above 
have been demonstrated only within ganglion cells of the central 
nervous system indicates that they are not a product of degenera- 
tion of a substance or substances contained in nuclei in general. 
Since all ganglion cells in a given lesion which contain herpetic in- 
clusion bodies in various stages of development, associated with the 
usual evidences of nuclear degeneration, do not contain them, then 
the source of their production points rather to a disturbance in 
metabolic activity of certain injured nuclei. The irregular and bi- 
zarre figures which this substance forms, its refractive appearance, 
its liability, and the fact that it occurs within the nuclei of cells 
about whose processes a medullary sheath may be formed, suggest 
that it may be of the nature of the myelins and that the nucleus may 
be actively concerned in its formation. 

The fact that the intranuclear herpetic inclusions occur in their 
typical form within the same nuclei which contain the above de- 
scribed substance, is another evidence of the specificity of the her- 
petic bodies; for the presence of the myelin-like substance must 
represent a peculiar type of degeneration or pathologic activity of 
these nuclei, not exhibited by other nuclei in which the herpetic in- 
clusions have an identical appearance. 

The presence of the above described substance within the nuclei 
of ganglion cells demonstrates that new substances with character- 
istic morphology may arise within abnormal cells and are apparently 
derived from components of the cell, or are built up by abnormal 
processes within the cell, although structurally they may have 
nothing to do with an associated virus. This fact makes all the more 
apparent the importance of exercising caution in the interpretation 
of the nature of intracellular material in the various virus diseases. 
If a particular inclusion, however, such as that associated with an 
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herpetic infection can occur in cells of various types and preserve its 
uniformity of structure, the indications are that the virus is immedi- 
ately concerned in its formations; for the chemical and physical 
changes which transpire during the disintegration of different kinds 
of cells no doubt vary widely, as is indicated by the formation of a 
new substance in the nuclei of ganglion cells and its absence in other 
types of cells subjected to the same injurious agency. 


SUMMARY 


1. Intranuclear bodies, distinct from herpetic inclusions, may 
occur within ganglion cells of the central nervous system in the 
presence of an acute herpetic encephalitis. This substance may be 
myelin. 

2. Herpetic intranuclear inclusions typical in morphology occur 
in association with the new substance, and they appear to be specific 
for the virus whatever other changes the nuclei may undergo. 

3. New substances with characteristic form and reactions may 
appear within injured nuclei in association with a virus, yet have no 
morphologic relation to the virus itself. 
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DESCRIPTION OF PLATES 


PLATE 115 

Fic. 1. Nucleus from a ganglion cell in Ammon’s horn. Anilin-fuchsin coun- 
terstained with Loeffler’s methylene blue. The dark blue masses represent 
nucleoli, the granular lavender bodies constitute the herpetic inclusion, the 
spherical red masses are the newly formed material resembling myelin. 
The chromatin is concentrated in granules upon the nuclear membrane. 

Fic. 2. Nucleus of a ganglion cell in Ammon’s horn showing a central red- 
staining herpetic inclusion and several myelin-like inclusions situated in a 
clear zone between the herpetic body and the nuclear membrane. The 
section was stained with anilin-acid fuchsin followed by Loeffler’s methy- 
lene blue. 
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ON THE ORIGIN OF RETICULIN FIBRILS * 


NATHAN CHANDLER Foor, M.D. 


(From the Department of Pathology, College of Medicine, University of Cincinnati, 
Cincinnati, O.) 


INTRODUCTION 


When studying the histopathology of healing wounds, one is al- 
ways impressed by the fact that the mode of formation of the end- 
products of this process, the fibrils of the connective tissue, remains 
a matter of uncertainty. There are still champions of the theory of 
the intracellular origin of fibrils, and an opposing group which seems 
to be numerically increasing, that maintains that they arise from 
the intercellular tissue-matrix. Between these extremes are those 
who believe that the fibrils are formed outside of cells through the 
agency of their secretions upon the tissue fluids. In an earlier paper 
(Foot 1), the statement was made that collagen fibers were a product 
of the transformation of fibrin; later (Foot ?), attempts were made to 
apply this theory to the production of ‘‘tubercle reticulum,” and it 
was found that this assumption was erroneous since fibrin and retic- 
ulin are produced independently of each other. Baitsell** and 
Hertzler > had already published interesting observations on the 
transformation of fibrin into collagen, as noted in tissue cultures, 
healing wounds and peritoneal adhesions. Their statements would 
seem to be quite conclusive, were it not for the fact that they could 
not be corroborated in the study of the formation of tubercle reticu- 
lum. Isaacs ® performed a series of experiments to prove that the 
fibrils of subcutaneous connective tissue were, in reality, artefacts. 
He maintained that they could be produced by any physical, chemi- 
cal or mechanical process that tended to dehydrate the tissue, and 
based his conclusions upon a series of experiments. His conception 
of what constitutes fibrils, however, differs materially from that of 
most observers, and it is probable that, while his conclusions as to 
the formation of these structures are quite correct, yet the struc- 
tures that he so names are not true fibrils, but merely the coagulated 

* Read before the Section on Experimental Medicine of the Cleveland Academy of 
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tissue-colloids he supposes them to be. From his illustrations one 
gains the impression that he was studying the delicate reticulum of 
coagulated protoplasmic material that any histologist would accept 
as such, but would hestitate to consider as true fibrils. Neverthe- 
less, there is enough interest and weight to Isaacs’ theories to de- 
mand confirmation or disproof. It will be seen later that his con- 
ception of the influence of dehydration on fibril formation is in a 
measure, borne out. 

In studying the fibrous tissue, particularly in healing wounds, the 
following questions arise: (1) Are these fibrils artefacts? (2) If not, 
are they preéxisting, or do they represent, colloidal strands that are 
later coagulated into actual fibrils by such fixatives as Zenker’s fluid? 
(3) Whence do they come, are they produced by fibroblasts or other 
mesenchymal cells, as the older writers believed, or by precipitation 
in the intercellular juices or jellies or might they represent prolonga- 
tions or accretions on the extremities of preéxisting reticulum or 
connective tissue? (4) What is their relation to fibrin? (5) Is collagen 
related to reticulin? In the following pages we shall try to answer at 
least some of these questions. 


I. ARE Fiprits ARTEFACTS? 


In order to answer this, we performed some simple experiments. 
It was noted, in studying healing wounds in rabbits’ skin, that the 
scab contained large quantities of reticulin, and that this mass was 
connected by a delicate, unbroken reticulum with that of the corium. 
This network was also intimately interwoven with the epithelium 
growing over the surface of the wound, the fibrils anchoring this 
sheet to the underlying granulation tissue. 


EXPERIMENT 1. This observation indicated that reticulin might be present 
on the surface of human granulation tissue, so sterile glass slides were rubbed 
over the fresh granulations of wounds on a patient’s arm, and some of the smears 
were immediately fixed in Zenker’s fluid, while others were permitted to dry 
somewhat before fixation; the latter showed no morphologic difference. An 
abundance of fibers and fibrils could be demonstrated, both by Van Gieson’s 
stain and phosphotungstic acid hematoxylin, combined with the Bielschowsky- 
Maresch silver impregnation. Reticulin was impregnated black, fibrin yellow 
or violet, and collagen bright vermilion or old-gold. Most of the fibrils took the 
collagen stain, but some were impregnated with silver (Fig. 1). Under the lens 
of a microscope, hanging-drops of this exudate were fixed in Zenker’s fluid, and 
nothing was produced which one might call true, new formed fibrils. Prepara- 
tions were made by simple contact, to avoid mechanical smearing or streaking, 
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and fibrils were found as in the smears. The subcutaneous tissue of a rabbit was 
examined in the living condition in a hanging-drop preparation, and found to 
contain a dense felting of fibers that showed fraying into fibrils at the free ends; 
these in the fresh state could be lightly stained with thionin, and the dye pro- 
duced no new fibrils by coagulation. All of this indicates that fibrils are pre- 
existing. 

EXPERIMENT 2. Further, to check up on Isaacs’ experiments, muscle and 
liver from a freshly killed rabbit were pressed out in a meat press and the juice 
smeared on slides and fixed in formalin and Zenker’s fluid. Ridiculously close 
imitations of embryonal connective tissue were produced, but only a few fibers 
that became impregnated with silver. Many doubtful collagen fibrils could be 
found, but they lacked body and were obviously coagulum. Filtration through 
filter paper of the juice to which a little normal saline solution was added, re- 
sulted in negative smears. Hence the few genuine fibers that were in the un- 
filtered juice were probably torn out of the tissues and expressed with the fluids 
rather than precipitated by the fixative. Observation of the action of Zenker’s 
fluid on the unfiltered juice demonstrated an abundant, granular coagulum, but 
no true fibrils. 


II. Are Tissue Frsrits PREEXISTING? 


EXPERIMENT 3. Isaacs’ experiment, in which layers of tissue were superim- 
posed and fixed in Zenker’s fluid, was repeated in the following manner. The 
twitching pectoral muscle of a rabbit recently killed was folded upon itself, so 
that its subcutaneous surface should be apposed, and compressed in a meat 
press in order to bring out as much coagulable juice between the layers as possi- 
ble. The other pectoral muscle was folded upon itself, but not pressed, and this 
was then fixed in the same way. According to Isaacs, an unbroken reticulum 
of fibrils should form between the two layers at intervals, interrupted by clear 
spaces where the tissue colloids are presumably absent. What we obtained in 
paraffin sections cut at right angles to the plane of the muscle layers, was quite 
different, as can be seen in Fig. 2. The two layers of muscle showed fibers ex- 
tending almost across the gap, sometimes entirely across it, but most of them 
were truncated so as to reach about half-way, forming a contact line at the 
middle of the space, which is quite evident in the photomicrograph. Those 
fibers that extend across the gap do so because they are long enough to reach, 
but there is nothing to indicate that they are newly formed. The uncrushed 
muscle showed the same thing, but the gap was wider and no fibers traversed it 
entirely. 


EXPERIMENT 4. In order to answer question 2 more fully, we repeated the 
experiment of Réssle and Yoshida’ by crushing the tissue before fixation, and 
watching for distortion in the fixed specimens. They used lymph nodes; we 
used lymph nodes, spleen and skeletal muscle, all quite fresh. We crushed a 
rabbit spleen with a hemostat in several places, fixed it immediately in Zenker’s 
fluid and made paraffin sections. We crushed living muscle, connected with 
which was a lymph node, and fixed it in the same way; uncrushed muscle, still 
twitching and obtained from the same animal, was fixed as a control. Sections 
of the spleen showed distortion of its reticulum and trabeculae. The uncrushed 
muscle showed much shrinkage of its fibers away from the sarcolemma which 


= 


404 FOOT 


was seen to be composed of a delicate reticulum in which there were numerous 
webs of fine fibrils (Fig. 3). The crushed muscle showed less shrinkage of its 
fibers, and the presence of an argyrophil substance (plainly visible in Fig. 3), 
which had apparently been expressed. The reticulum was coarser, compacted 
and collapsed (Fig. 4), and lacked the webs seen in the control. One might 
assume that the argyrophil material had collected in the reticulum and had 
become impregnated in the same way, thus forming a thicker fiber around the 
muscle bundle, but one may more easily account for this thickening on the basis 
of a compacting of the web-like fibrils which were squeezed together in the press. 
The lymph node showed marked distortion of its reticulum in a plane at right 
angles to the line of application of force. Thus the experiment of Réssle and 
Yoshida was completely confirmed. 


Our experiments, then, indicate that normal reticulum is pre- 
existing and not an artefact, that it can be obtained in smears from 
the surface of a granulating wound, and that it cannot be teal 
tated in the filtrate of pressed tissues. 


III. WHENcE Do CONNECTIVE TISSUE FIBERS COME? 


The best way to answer this would be to attempt to grow reticu- 
lum and collagen in vitro. Since it was always noted that the most 
abundant reticulum was usually near hemorrhages in granulation 
tissue and tumors, and as Baitsell had observed fibril formation in 
living cultures of human blood, an exudate from a rabbit’s ear, in- 
flamed with local applications of Croton oil, and rabbit’s blood 
with and without various admixtures of Ringer’s solution and fibro- 
gen (tissue fibrinogen) were carefully studied. These cultures were 
made according to Margaret Lewis’s technic* in hanging-drops. 
They were fixed in formaldehyde vapor, or warm or cold Zenker’s 
fluid. Simple contact preparations were made in order to test out 
the mechanical effect of streaking. They were allowed to dry before 
fixation, in order to exclude the possibility of the reticula being 
merely silver deposits in the cracks of dry, caked blood. Much of 
this preliminary work was disappointing, but we were able to rule 
out most of these factors as having no bearing upon the production 
of fibrils and we were encouraged to persevere. 


EXPERIMENT 5. Several series of whole-blood cultures were prepared and 
incubated from one to four days, with controls fixed a few minutes after the 
drops had clotted. The cultures were fixed either in formaldehyde gas, or warm 
Zenker’s fluid. A drop of 40 per cent formaldehyde solution was run into the 
concavity of the slide, and the culture was replaced in the incubator until it had 
become fixed by the vapor; and Zenker’s solution, warmed to body temperature, 
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was run into the concavity with a dropper, and the culture was carefully im- 
mersed in the fluid. As soon as it became firm and yellow, the culture was 
floated face down in Zenker’s fluid in a Petri dish. If the serum was dropped 
directly on the surface of cold Zenker’s fluid, it would spread out over the cover- 
slip and coagulate into strands that stained and resembled collagen; when the 
cultures were lowered carefully into warm Zenker’s fluid, no change was noted. 

These drops of rabbit’s blood were placed on cover-slips ringed with vaseline, 
so that they usually floated face down on the fixative, which prevented the for- 
mation of precipitates; if they would not float, a little vaseline was added at the 
corners. The fixed cultures were stained as follows: If Zenker’s fluid was the 
fixative, they were treated with weak alcoholic iodin to remove the mercury, 
5 per cent sodium thiosulphate to remove the iodin, and 0.25 per cent potassium 
permanganate and 5 per cent oxalic acid to remove the chromates. Five minutes 
submersion in the first, 1 in the second, 5 in the third and 10 in the fourth was 
sufficient. When formalin was used no such treatment was necessary. The cul- 
tures were next impregnated with 2 per cent silver nitrate for 48 hours and then 
treated with silver ammonium oxide, 5 per cent formalin, 1 per cent gold chloride 
and 5 per cent sodium thiosulphate according to the Bielschowsky method 
(Foot *). Van Gieson’s stain was used as a counterstain, either with or without 
Harris’ hematoxylin. The resulting preparations showed a central mass of 
black erythrocytes and yellow fibrin, with a peripheral zone of pinkish fibrillae 
and grayish or blackish laked corpuscles and fibrils. All cultures were observed 


immediately after they were prepared and at frequent intervals thereafter, on 


a warm stage in vivo. They were killed by fixation immediately after they had 
clotted, and at 24, 48 and 96 hours thereafter, and stained as above noted. 


OBSERVATIONS ON LivinG CULTURES 


When freshly made, the cultures consist of a central drop of blood 
too dense to examine with the high power, and a peripheral zone 
where the plasma has spread out somewhat over the cover-slip. 
This marginal zone is our field of observation. At first one notes a 
progressive laking of the erythrocytes in this zone, apparently 
caused by their contact with the glass and the alterations in the 
plasma due to the action of the air contained in the concavity of the 
slide. Fenn! has discussed this phenomenon at length. A few poly- 
morphonuclear and mononuclear leucocytes soon appear at the edge 
of the culture and, after a few hours, large numbers of them are 
crawling about. At this time one sees that the laked erythrocytes 
are linking up to form a finely meshed network which borders the 
blood drop at its periphery and forms a delicate fringe. After twenty- 
four hours this fringe is well developed and very evident, and por- 
tions show refractile, more or less straight fibrils. Fibrin, which is 
abundant in the center of the droplet, apparently plays no part in 
the production of this reticulum which seems to be composed en- 
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tirely of laked erythrocytes. After four days, this reticular zone has 
increased still further in diameter, but the white cells have become 
very sluggish and have degenerated; in fact, they show marked ac- 
tivity of their mitochondria, and brisk ameboid motion for only five 
or six hours, after which they become noticeably sluggish. They 
phagocytize erythrocytes, multiply and bring about laking of the 
red cells during this period, but they seem to have nothing whatever 
to do with the formation of the network in which they lie; indeed, 
they appear to destroy or push aside all the fibrils in their neighbor- 
hood, and this gives rise to a ring of denser and more compact fibers 
around the spaces in which these cells move about. If the plasma or 
serum spreads out over the surface of the cover-slip, owing to changes 
in surface tension, the reticulum becomes stretched and torn in such 
places and long streamers of fibrils fan out into the spreading sheet 
of fluid, which indicate an apparent elasticity of the reticulum. 


OBSERVATIONS ON FIXED CULTURES 


After staining the preparations, the following facts are evident: 
The central mass of erythrocytes remains an opaque mass of black- 
ish disks with yellowish borders, embedded in a matrix of yellowish 
fibrin. Our interest is focussed on the marginal zone. The reticulum 
we have described as visible inira vitam, now stains in one of two 
ways; if we are fortunate, it becomes impregnated with silver, and 
then is gray or black; if not, it takes on a pink stain with the acid 
fuchsin. The morphology is the same in either event. This variable 
staining is often noted in paraffin sections and, while it may depend 
upon some slip in the preparation of the silver-ammonium oxide 
bath, it probably depends on some other factor: for instance, per- 
fused spleens will often resist impregnation with silver-ammonium 
oxide or carbonate, but a luxuriant reticulum can be demonstrated 
in them if silver tannate solutions are employed. 

What was described in connection with the living cultures is now 
confirmed in the stained droplets; the laked erythrocytes prove to 
be reticulated and, where they are close together, form a finely 
meshed network that is composed of more or less unaltered red cell 
reticulum and, where they become distorted or swollen, this reticu- 
lum is torn in places and compacted in others. Some of its fibrils 
still outline red cells, while others are no longer delicate and faint, 
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but stouter, straighter and sometimes somewhat beaded. They 
closely resemble true reticulum. Figs. 5 and 6 show respectively the 
more compact, finely-meshed reticulum and the spaces that sur- 
round the macrophages. As one approaches the periphery of this 
network, the meshes grow progressively coarser (Fig. 7) and, where 
the drops have spread out as already described, the filaments no 
longer bear any resemblance to the red cell reticulum, but course 
out over the cover-slip in long streamers. Here and there the reticu- 
lum of the erythrocytes loses most of its morphology and appears to 
be a tangled mass. The coarser reticulum is depicted in Fig. 8. 

As all this very definitely pointed to the erythrocytes as the origin 
of the reticulum in these cultures, another experiment was performed 
in an attempt to study the red cell reticulum. 


EXPERIMENT 6. About 2.5 cc. of the heart’s blood of a rabbit were drawn 
into each of two test-tubes, to one of which was added 0.25 cc. of fibrogen and 
to the other a like amount of Ringer’s solution. The clots were incubated for 
24 hours, and were then carefully removed from the tubes, sliced, and fixed in 
Zenker’s solution; the serum was smeared out on slides and likewise fixed in this 
fluid. The clots were mounted in paraffin, and then both sections and smears 
were impregnated with silver and counterstained with Van Gieson’s stain. Some 
of the former were also stained with hematoxylin and eosin, Van Gieson’s stain, 
and phosphotungstic acid hematoxylin. 

Smears: These show erythrocytes more or less completely laked and im- 
pregnated with silver so that their reticulum is readily demonstrable. It is quite 
similar to that described by Cupp " in his paper on the structure of the erythro- 
cyte. He employed a different technic, but the pictures that we both obtained 
are identical (Fig. 9). 

Sections: The erythrocytes in our sections are not laked, and little or no 
structure can be made out at their centers, but in the silver impregnations, the 
periphery of each cell shows a black ring with nodular thickenings. These cor- 
respond to the nodes and short rods seen in the uncut erythrocytes of the 
smears. By searching, one can identify the domed surfaces of cells that lie more 
or less intact in the section, and focussing up and down on these, a reticulum 
can be discerned lying upon the surface of the cell (Cupp’s “cell capsule”). 


EXPERIMENT 7. In order to rule out fibrin as a factor in the formation of 
reticulum in our cultures, we added fibrogen to one tube in the preceding experi- 
ment without producing any change in the red cell reticulum. To exclude it 
still more definitely, we took blood from a rabbit, smeared some of it on slides 
for a control and then defibrinated the rest. We smeared some of this defibrin- 
ated blood on slides and then washed the remainder in Ringer’s solution, making 
smears of the washed corpuscles. We then impregnated the smears with silver 
and counterstained with Van Gieson’s stain. The result in these smears was 
not so satisfactory as was that in those obtained from the serum of the clots in 
the preceding experiment; the hemoglobin obscured the reticulum, but the latter 
was still demonstrable, and the smear of whole blood presented figures strikingly 
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similar to those we obtained in our cultures. Where the erythrocytes were 
crushed and rolled, the reticulum was compacted into jet-black filaments like 
those in the culture reticulum. It was quite evident that this was not dependent 
upon the presence of fibrin, for we obtained similar pictures in the defibrinated 
blood smears. Smears of washed corpuscles showed a reticulum in the cells that 
had become flattened out on the slide. 


Discussion 


With all these data, let us consider what we have accomplished 
toward answering the questions postulated at the beginning of this 
paper. 

1. Are fibrils artefacts? We can answer this in the negative, so far 
as reticulin fibrils are concerned, but with collagen fibrils the matter 
is somewhat different, for we have seen that coagulation of the blood 
serum and tissue juices in Zenker’s fluid may give rise to structures 
closely resembling collagen fibrils. 

2. Are fibrils preéxisting? From our experiments on crushing 
fresh tissues before fixation and from the results of the examination 
of fixed smears from granulation tissue, we can state that reticulin 
is preformed. Again we are in doubt as to the collagen. 

3. Whence do fibrils come? We have shown that the reticulin 
fibrils in our cultures result from the disintegration of erythrocytes, 
and a rearrangement of the reticulin they contain, always basing 
our conclusions on the supposition that the silver impregnation is 
specific for reticulin. It seems that this is a viscid material which, 
when freed from its associated hemoglobin, becomes rearranged into 
longer, straighter fibrils by stretching and pulling. This force is 
exerted during life, however, and has nothing to do with the manip- 
ulation of dead, or fixed tissue. At first the reticulum is readily 
identifiable with that of the erythrocytes, later it is only by tracing 
its development from this finer network that we can be sure whence 
it originated. This we have done in vivo, and checked our results by 
staining after fixation. 

It is strange that the reticulum of the erythrocyte is so unfamiliar 
to the average pathologist. Meves ” described it more than twenty 
years ago in connection with amphibian blood, and Ruzicka ® in- 
vestigated it in the mammalia. Cupp’s article gives a beautiful and 
convincing description of the reticulum of amphibian and mammal- 
ian erythrocytes, including those of man; it was published over 
eleven years ago. 
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As this reticulum is demonstrable with silver impregnations of 
fixed, laked erythrocytes, and as we have followed its elaboration 
from a delicate network into a coarser, more fibrillary reticulum 
in blood cultures, the conclusion that the latter is the direct product 
of the former in this experiment is inevitable. Whether or not this 
is true in the body is a matter for speculation. Fibrin stains yellow 
with Van Gieson’s stain, and would be readily recognizable were it 
present in the marginal reticulum; however, it is absent from the 
very beginning, appearing to retract into the central clot as it is 
formed. 

4. What is the relation of connective tissue fibrils to fibrin? We have 
answered this in the preceding paragraph. There appears to be no 
demonstrable relationship between the two in our cultures. 

5. What is the relation of collagen to reticulin? We thought that 
reticulin preceded collagen in the formation of collagen fibers, the 
latter being transformed from reticulin into collagen. Our experi- 
ments have shown this to be only in a measure true; from what has 
been said, it will be seen that collagen is possibly a colloidal, or semi- 
fluid substance that can be coagulated into granules or into the sem- 
blance of fibrils by the action of fixatives, notably Zenker’s fluid. It 
seems likely, from our observations, that this substance impregnates 
various fibrils or tissue strands, rather than forming fibrils of its own 
accord. Thus fibrils could become impregnated with collagen and 
lose their affinity for silver, staining with acid fuchsin. In the same 
way, fibrin could form a matrix which might become impregnated 
with collagen, or become “‘collagenated”’; and even the protoplasmic 
processes of cells, or the reticulum of erythrocytes might conceivably 
undergo a like transformation. This would explain the appearance 
of fibrils that stain partly with acid fuchsin and become impregnated 
with silver, and appear blackened elsewhere; one frequently en- 
counters such particolored fibers in granulation tissue and in tumors. 
Hertzler noted that the fibrin in peritoneal adhesions rapidly lost 
its affinity for picric acid and became fuchsinophil in Van Gieson 
preparations. Our hypothesis would explain this observation very 
well. 

Mallory “ has recently said that separated fibrils of connective 
tissue are argyrophil, while compact fibers are fuchsinophil, the 
two being essentially the same material, considered chemically. 
This statement does not conflict at all with what has been said 
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above, but it does not explain why the separated fibers are argyro- 
phil, while the coarser, compact bundles are fuchsinophil. 

While the reticulum produced in cultures of blood, im viiro, has 
a very similar appearance to that of the lymphoid tissue and, more 
particularly, of granulation tissue and tumors of the connective 
tissue group, it would be false presumption to claim that observa- 
tions made upon these blood cultures could explain the production 
of normal reticulum. It would be difficult to apply a theory in- 
volving the wholesale destruction of erythrocytes to the histogenesis 
of reticulum in general. A novel aspect of fibril formation has, how- 
ever, been presented by these experiments and it is not unlikely that 
it has a very close relation to the processes that take place in granu- 
lation tissue and tumors; for these usually present a good deal of 
hemorrhage and diapedesis of erythrocytes, and there is undoubtedly 
more reticulum in the neighborhood of extravasations of blood than 
elsewhere. 

In closing, it would be well to point out that cells other than 
erythrocytes appear to contain rather similar intracellular networks 
which might conceivably be deposited in the tissues by a lysis of the 
unformed residuum of the cell during processes of a retrograde 
nature. 

The pronoun “we,” employed extensively throughout this paper, 
refers to my co-worker Mr. Marvin C. Ménard, to whom I am much 
indebted for assistance in performing the various experiments de- 
tailed above. 


CONCLUSIONS 


1. Reticulin fibrils are not artefacts. 

2. They are preformed, and probably of a viscid nature; it is prob- 
able also that they become firm and possess some tensile strength as 
they grow older. 

3. Fibrils closely resembling reticulum are produced in hanging- 
drop tissue cultures of blood by the disintegration of erythrocytes 
and a rearrangement of their intracellular reticulum. 

4. They bear no discoverable relationship to fibrin. 

5. Collagen is, apparently, a chemical substance in the tissue 
juices that impregnates fibrils or fibers composed of protoplasm, 
rather than the sole constituent of the white, fibrous tissue. 

6. These conclusions apply to the reticulum of granulation tissue, 
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as well as to that produced in vitro in blood-drop cultures; they may 
also apply to tumor reticulum and tubercle reticulum, but no claim is 
made that a definite solution of the problem of the histogenesis of 
fibrous tissue in general has been presented by these experiments. 
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DESCRIPTION OF PLATES 


PLATE 116 


Fic. 1. A smear from fresh granulations on a wound, high power photomicro- 
graph. The coarse, diffuse fibrils are collagenous, the delicate strands 
mostly reticular. 

Fic. 2. Low power photomicrograph of two apposed layers of rabbit muscle 
after crushing together in a meat press. Note that in most instances the 
fibrils in the gap between the masses of muscle run only to the middle. 
There is no newly formed coagulum of fibrils. 


PLATE 117 


Fic. 3. High power photomicrograph of uncrushed, normal rabbit muscle. 
Note the webs in the interfascicular reticulated membrane and the argyro- 
phil substance in the muscle bundles. 

Fic. 4. Same power, muscle crushed in meat press. The interfascicular webs 
have disappeared and the argyrophil substance in the muscle has been 
apparently expressed. The reticulum is coarser, thicker and somewhat 
distorted in one plane. 
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PLaTE 118 


Fic 5. Oil immersion photomicrograph of the reticulum at the margin of a 
culture. The meshes are fine and the relation of the culture-reticulum to 
that of the erythrocytes is fairly evident. 

Fic. 6. Oil immersion photomicrograph of the transition zone between un- 
laked erythrocytes and culture reticulum. 

Fic. 7. Oil immersion photomicrograph of the transition zone between fine- 
meshed and coarse-meshed reticulum at the margin of a culture. Note the 
comparative scarcity of white cells in these pictures. 


PLATE 119 


Fic. 8. Oil immersion picture of the long “streamer” fibrils at the extreme 
periphery of a culture. Figs. 5 to 8 were taken in almost unbroken pro- 
gression from the edge of the mass of erythrocytes to the outer margin of 
the surrounding “reticulum.” 

Fic. 9. Erythrocytes in a smear of serum from a blood clot that was incubated 
twenty-four hours. Rabbit blood. Note the intracellular reticulum in the 
erythrocyte center of the field. 


All photomicrographs made with the assistance of Mr. J. B. Homan, of the De- 
partment of Medical Art, of the Medical College. The stain used is the Bielschowsky- 
Maresch-Van Gieson combination described in this paper. 
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